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HEADQUARTERS 


BACTERIOLOGICAL AND CHEMICAL 
LABORATORY SUPPLIES 


Our Bacteriological Catalog, Section 1, gives full details of 
Microscopes, Microtomes, and other Microscope Accessories, 
including Blood and Bacteria Counting Apparatus. 


There is a detailed listing of the standard stands supplied by the 
Bausch and Lomb Company and the Spencer Lens Company as 
we are New York Representatives for both of these factories. 
We have all the leading stands on display in our New York show- 
room. As we place large orders with the factories many months 
ahead, we are usually able to make the promptest shipment. 


Section 1 also gives detailed listing of Blood Pressure Apparatus, 
Forceps, Dissecting Apparatus, Colorimeters, Urinary Appa- 
ratus, and Van Slyke Amino Nitrogen Apparatus, also CO, 
Apparatus. 


* Section 2 of the Bacteriological Catalog deals with Incubators, 
Sterilizers, Centrifuges, Water Stills, Jars, etc. There is a full 
deseription of the Standard Freas Automatically Controlled Elec- 
trically Heated Incubators, Sterilizers, and Water Baths. There 
is also a detailed listing of Sterilizing Autoclaves, International 
and other Centrifuges, Barnstead and Stokes Water Stills, etc. 


The new catalog of Reagents, Drugs, and Stains is now ready for 
the printer. 
Write for Catalogs and Bulletins stating your requirements 


Visit Booth 58 at the Sixth National Exposition of Chemical 
Industries in Grand Central Palace the week of Septem- 
ber 20th, also visit our Showroom when in New York 








































DOES GLIADIN CONTAIN AMIDE NITROGEN?’ 


By THOMAS B. OSBORNE anp OWEN L. NOLAN. 


The amount of ammonia which various proteins vield when 


hydrolyzed with acids was shown some years ago in a pa 


from this laboratory to correspond closely to that requir d for 
amide combination with the sum of the glutaminie and aspartic 


acids which these also yield. That the combination R-CONH 


actually occurs in the protein molecule is not proved bv the 


agreement between the values found by analysis and thos 
culated, but this agreement was so clos that tl suggestion then 
advanced has been generally accepted as probably eorrect 
Recently Thierfelder ind von ( ramm have confirmed t] 
dence just referred to, and contributed further supp c 
view by experiments with svnthetie peptides containing glut 
mine, as well as with glutamine itself. Additior evident 
that th nitrogen which is converted into amm«¢ ] ling 
proteins with acids is actually in amide combination is fur 
by new experiments which we have just completed 
‘| hese were made on the assump ion th t as I -( ()N\ H 4 ! 

vield free carboxyl groups on hydrolysis the residual produ 

; should reveal their presence by an equivalent increase in aci 


Preliminary experiments showed that boiling gliadin with 1 per cer 


hvdrochlorie acid for hours 
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312 Gliadin 


as boiling with 20 per cent acid for 24 hours. The slight increase 
in free amino nitrogen which occurs during this mild hydroly sis 
shows that a relatively small proportion of the peptide bindings 
are broken. Since upwards of 90 per cent of the maximum 
obtainable ammonia is yielded at a rate strictly proportional to 
th 


| 


ie time of boiling as well as to the concentration of the acid it 
seems fair to assume that nearly all the ammonia originates from 
common group which, like R-CON Hp, is very easily hydrolyzed. 
\ccordingly 5 gm. of air-dry gliadin, equal to 4.7 gm. dried at 


110° and containing 0.8125 gm. of nitrogen. were boiled with 500 


cc. or | per cent hydrochloric acid for ] hour. Phe gliadin 
first dissolved in the boiling acid, but soon began to separate 
finally forn ing a coherent mass. \t the end of the hour 244 Cc. 
of a solution containing 4.9776 gm. of sodium hvdroxid 
added. The strongly acid solution was vigorously shaken for 
some time and the suspended solids were then removed by cen- 
trifuging and the solution was ma le up to 1,000 ce \nalvsis of 


aliquot parts showed that this solution contained 9.1720 em. of 


: - . . oa ean 
SoOnHads, Ol which aiter ignition at be | iow red heat, 6.01440 rit 
. . : a oe ‘ 
remained aS ash, It also contained 0.1568 om. of nitrogen as 
] > ‘ 1 a a 1] 41 : 
ammonia, equ o 0.8381 gm. of NH,Cl, if all the ammonia 
. , 
presen is S sa Che total inorganie m I is, there- 
] 
Tore ] to ws ALDI oy} it Ing U.Yoov en ot organ OLLdsS 
1 > ] 
( ( i n Ol! 2 oO | r I ( I vil iil L | 4) on 
contained 0.3171 gm. of N, of which 0.1568 | n 
} 7 ‘) 
I roge! j hol mnie , nitrogen ec Se uen 1) r ULL ODUS 
’ 
! q' ( L{ s per cel ( ' ( oO nic Q/ ] ‘e T T is 
ey ' 
perimel! oni (S.U per cel ( the maximum nou! Oo re 
] ] | | ] } 1°) ] 
onia obtamabie by complete Nvdrolvsis is lil ed 1t 18 
] ! n ‘ | Ah : ] +} 
probable that some unchanged guadin remained dissoived in the 
} ml } 1 1: 
qa aqueous soiution, this would account tor the highe nitro- 
gen content of the soluble organic souds than that calculated tor 
] | 4 7 1] 34 ] +e ] } 4 
gliadin from which all its amide nitrogen had been split off. 


‘To neutralize 100 ec. of this solution required 0.01428 gm. of 
NaQH, equal to 0.1428 gm. for the entire solution. The solids 
removed by centrifuging were suspended in water, and 0.2683 
gm. of NaOH was added gradually wit! 


was a little more than enough to dissolve all the solids and just 


vigorous shaking. This 


sufficed to make the solution neutral to litmus. When 0.0377 
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the carboxyl 


determined 








. Osborne and O. L. Nolan 313 
gm. more of NaOH was added the reaction becam st alkaline 
in phenolphthalein. In neutralizing the solution and precipitate 
there were thus added 4.9776 0.1428 0.2683 0.037% 
5.4264 em. of NaOH equivalent to 4.9448 gem. of HCl. Since the 
unmonia formed by hvydrolvsis also neutralized a part of tl 
Ht it] ch the gliadin had been boiled the total base ava 
ble for neutralizing | was equivalent to 0.4551 gm. mor 
NaOH, tl ikiIng tI equal to 5.8815 gm Subtracting 


eu ize the 5 gm. of H¢ 
nar ASOD o 0.3946 of NaOH which had b 
Cad I Cl YTOUDS rorme | during | lrol ~] 4 
miny ’ i! +} solute t r } iro S1S 
( I ) rhno requiring 0.4551 a ( N 1OH IO! 
) T if tian NT c NaQH ! ? ] l 
l¢ ) hwdre tbe ( ] hHoipl | I “sf 7 ) nt 
O mount ecaiculated 10 Co 1D l 10! Viti Lik THe 
R-COQOH groups which would bee! ed if um- 
n originated from R-CONHs. grow Ch cid level- 
O} i I rerore or? sponds ( rp OoToOUDS ne irl l not 
] + + 
* ll 4 ! n oO} ss mi ~ I 
s | ! I 1 trol Fiadin OU! 0 In- 
’ ] 4 1.4 
' irO|VSIS nda tl I ) il Lf ny 
, , ) ( ( mona Trrespo i 
] T Tt) ? | rOGWey, Y it ? ij | OT 
it 1 { ie I roge!l : ) S i 
( In i e acid groups 
lite , au n has been raised con 
{ problem by Dakin’s scoverv that some proteins contal 
<vglutaminie acid in 1 ly considerable quanti his 
i mig herefor uwtora lditional carboxyl groups or a 
possible amide union. In this connection it is of interest to note 
that Andersen and Roed-Miiller‘ have described a method 


di-basic monoamino- 


icts of hydrolysis of 
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proteins. The ammonia and basic amino-acids are removed 


from the products of hvdrolvsis and amino nitrogen is determined 


In an aliquot part of the solution. \nother part of the solution 
is neutralized by Sérensen’s formol method, evaporated, and 


ignited. By determining the carbonate in the ash and ealeulat- 


ing its ratio to the amino nitrogen the excess above a 1:1 ratio 


measures the proportion of dicarboxylic acids. By applying 
this method to oliadin The. conelude that 24.33 per cent of 1ts 
nitrogen belongs to such acids, whereas 


partic acids which (ishorne and (,uest obtained contained >t () 


per cent. The average of numerous accordant determinatio1 
P , ae ' _ 

of ammonia nitrogen, namelv 24.4 per cent ot the total gliadin 
nitrogen, 1s In close agreement with the above figures. If ghadu 
vields appreciable quantities of oxvglutaminiec acid this shou 
have been detected by Andersen and Roed-Miiller’s method 
These investigators, on the other hand, found that casein con- 


tains an amount of monoaminodicarboxvlic acid equivalent to 


17.7 per cent of the total nitrogen. This is very much more 
} } } tf +} 
than Osborne and Ciuest® found in casein, for the sum o ne 
gviutaminie and aspartic acids which they obtained contained 
nitrogel qu en oO only 10.4 a) CCT a) the Cas l nitroe 

be mal later, obtained 21.8 p Ce! Plu ! 1d 
Cus oure Sine conhirmed | 1) re ( | 

1 | ! ( ispartlL eid | . 1.5 71 eent of o 0 
t , 17 1 
( Cla iA ns resu 5 SHO ( ~ ri I 
" >) 
I MOAMINO-ACLAS COT LIDIT I l ( l () bbe I) 
, 

0 otal nitrowve! Ol] ore ft ! - Lit cor!) ) 

() re } KiImum ’ oul ( 7 ’ ( if | fay ) . 

, 
l ive! itting WD OXVZ ine | 
I i@vtermina ms Oo oO } } a LST) 1 she 
pre ? oO ? ( ( SS 0 | S14 ’ ~ } ) ore ( 
} 

ou suthic ? »? de e , } oO} 0 

Lf) i] ‘ Te. 1) } ? , = a 
pre ( IS COATAE l CO} is ! i 1) if I us \] 
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316 Gliadin 


Glutamine and asparagine on the other hand yield all their amide 
nitrogen after a brief treatment with hot dilute acid. They, 
therefore, consider the possibility of uramino-acids as a source of 
a part of the ammonia nitrogen. 

experi nee has convinced us that, at least, in the case of gliadin, 
or of edestin, all but an insignificant part of the ammonia nitrogen 
is liberated by boiling for a comparatively short time with very 
dilute acid, while at the same time only a small part of the pep- 


tide bindings are set free. We are also convinced that the slightly 


1 
' 


higher figures for ammonia, which others have obtained by sub- 


jecting proteins to severe treatment with acids, compared with 


the lower figures obtained after a milder treatment are to be 
scribed to secondary decomposition of some of the amino- 
Acids 

Thus we have found that boiling eliadin with 1] per cent HC] 
( > hours converted 23.6 per cent of th gliadin nitrog n into 


monia and only 3.7 per cent into free amino nitrogen, while 
ter 5 hours these figures were 24.2 and 9.0 per cent, respec- 


tively. The average maximum vield of ammonia after boiling 


gliadin with 20 per cent HCl for 24 hours is very little greater; 
namely, 24.4 per cent of the total nitrogen. These figures show 
that 97 per cent of the ammonia nitrogen is liberated before mor 
| small proportion of the peptide bindings has been broken. 

Uramino-acids converted into hydantoins by boiling with 
dilute acids and yield ammonia only when boiled with strong 
acids for a long time. ‘The uramino group,’ as a source of mol 
small part of the ammonia nitrogen of ghadi 
ded. 

SUMMA 

Wi] gliadin is boiled with dilute acid a degree of aci 

is developed which is closely proportional to the amount of 


ammonia, thus indicating that ammonia originates from R-CON H. 


we very nearly as much ammonia is produced by boiling for 
short time with 1 per cent HCl as by boiling for 24 hours with 


20 per cent HCl the presence of more than extremely small 
amounts of uramino groups, R-CH-NH-CO-N Hp, is excluded 


( Lippich, F., Z ( 1914, xe, 441 





























METHODS USED IN DETERMINING THE ELECTRIC 
CONDUCTIVITY OF SOLUTIONS.* 


By J. F. MCCLENDON. 


In making a study of the perm ability of bacterial membran 


li Was thought advisable to look Into the prine} les of th riie thods 


sed in determining electric conductivity of solutions, since t} 


yplied to the study of suspensions of bacteria. The method 


generally used requires an alternating current, Wheatstone 


bridge, and telephone for detecting the current. The solution 
is placed in a conductivity cell containing two metallic plates o1 
electrodes. Since the electrodes are usually made of latinur 
and platinum salts are absent fr the solution, polarization oc 
the electrodes and no considera! le current can p: In on¢ 
rection without a potential difference across the phase boundar 
equ il to he decomposition poten ial ol the w Lier OY mnos 
ing the solution. Since the decomposition potential of wate ; 
|.7 volts and potentials of various salts fluctuate around tl 
figure, a counter rk. M. F. of about 1 or 2 volts is added to the 
DASSLYE resistance of the solutior and prevents the estin 
the latter. In order to obtain correct results, no current sho 
1 allowed tO pass between the electrode S and thi solution Thi 
electrode surface and solution surface constitute an electric con- 


aenser Of enormous capa ity, since the capacity of a condense! 


varies inversely with the distance between the plates an 


f 


distance is very small, being the thickness of the electric doubl 


laver at the metal-water surface. By increasing the frequi 
of the alternating current and increasing the surface area of thi 
electrodes a point may be reached at which the impedance caused 


‘ 
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318 Conductivity of Solutions 


by the phase boundary is so small as not to interfere with results 
of considerable accuracy. Alternating currents of high frequency 


may be produced by means of Vreeland oscillators, and by vacuw 


we osclllat 


ors as used in wireless transmission. The electrode 
} 


+ YY ‘ " ’ ‘ ] | ] t } 
surface May be increased Dy enlarging the electrode or roughening 


it in extremely rough electrode surface may be ob all 


rapid electroplating in a solution of platinie chloride containir 


’ lead ‘} 
i race o LSit ead acetate Chis WatInIzed su ice Iss rr | 
hat 1 does not re ught into the « ind hen ppears i 
>] | | ! 
INIZea | rodes nave in enormous pac Her rest 
r¢ } | l i CADAC!I l Va reas lt! ] Phy ( I s 
| - ] 
~ ri) i l ) ri¢ Intel OSLLLON ¢ } ( ? ry<d}} Ing e] 
1 } ) ns + ] , 
( ( I in ub ANG the SOLUTION a LUSOrptlo Ol OLLOICS 
Oo? ( sToppag ol th pores in i ~ thus isIng } 
rea acting as a condense! he capacity of a CuUrty electrode 
may mnetimes be restored Dy cleaning It with a saturated solu- 
1 } » 
ion of a bichromate in concentrated sulfuric acid. If this fails 
1? elt Ode tis I tLinl qd again 
In some of our ex ruments tl erectrodaes adecreased 1n Capacity 
4 sy , ' 
while the bacterial Suspension remained 1n he conductivity ves- 
{ } a ca niet , f 4] } Saal 
; sé ind Cleaning Or platlhizing OF the electroade vould necessitate 
] 
complete change in experimental procedi In such eases, not 
' , } 1 
t On!V 1s the impedance greatel than he resistance that 1t is desired 
; ’ , ' 
i to measure Du i Tie s1lienece ns ibe telephone CAnNNO lv OD- 
: uned OWlng to the fa tha he current 1s not in phase with the 
: } 
oltage across the conductivity « In ree vears, a compen- 
' sation method tor o uning a tone slien or sharp tone minimu! 
: 
, , 1 ’ 
in the telephone has been widely advocated in this count1 Phi 
17 , ; 
} m nod uUSuallV CONSISTS 1n the placing Ol a Varilabie co ser ll 
| 7 1 } ] 
: para | with the resistance box in the ordinat Wheatsto1 Driage 
eee ie macuehesninns one: Hen ee ae 
" i s (in \ Cl e two othe l iIstance ur epresented on 
, , , 
1 mete } t! sSuding conta This ae hor enabptes ii¢ 
; , : nd | 7 
onera ! () ) iit) Lb Sharp Wii eee eee eenene: Atif express Nis re L1LS 
] ] T 
in f res with fi decimal plac It is one of the objects o 
, : 
thus mmMmuUnNICAil how | tO empnasize tha such figures 
mav ! incorre In the second place 
4 Our expernunel LV ¢ een Made ith Irequencies irving con- 
#7) Pe 1 
4 : ons rom 60) SOO ON ( eles per si mad produced by l 
ay , *17 
{ Vv) | senator a | LcClULuUm e OSC1ILAa r made Of a Wi St- 
a 


























J. F. MeClendon old 
ern Electric, VT 2. bull At radio-fr 
, -, bDUID. At radio-irequencies, we have ha 
simplify the apparatus in order to obtain currents in phas 
th . tagn « } } 1 l l 1 
ie voltage and have had to eliminate much of the Whe 
briage apparatus Furthermore we used a ervsta ete 
v tno! er and ! I er achieved the accura ( l 
t ( r ene] nad ephone This ( 
; ; } Vy nd osci 
Ve 
A sy 
i 
\ \ 
\ 
\ / \ 
eC. { 
é) a 
> a4 
- \ \ 
\ \ 
\ 
= \ 
\ 
\ 
\ 
ae " 
| Teleonor 
rr — \ A 
_ — \ . Alternating 
meee ninneeeat aadeb 
2 agra a: 
R, / currer 
i _ aa 
hy | 
(our Wheatstone rldy Is dlagrames It) lig - 


sistance is denoted by FR, capacity by ¢ und inductance by JL 


In the conductivity Cell he resistance, R, is the sol ition: the te 


Capacity Is one-halt the capacity of one el ctrode surface, ( - and 


the inductance, L, is in the connecting wires. By straightening 
these wires, the inductance may be reduced to a small figur 
Che re sistance Dox has a rial le re sistance Ri, a sma | capa l 
eS gee ee ae Tae 

Im parave: DUL an Inhinite capac! in series, ©,, and a@ sn 
ductance, Z;. In parallel with the resistance box is a vat 
















oe Ae a ine eerie 











320 Conductivity of Solutions 


condenser with variable capacity, Cs, small resistance, R2, and 
small inductance, Le. In the cell arm of the bridge, given the 


resistance in ohms, the capacity in farads, and the inductance in 


henries, the impedance, Z, to the flow of alternating current of 


frequency, f, is 


i= 1 R? + [ 2efL — 


In the resistance box arm of the bridge the calculation is 
little more complicated and will be given in greater detail. 
The impedance, Z, may be resolved into two components, 


resistance, R, and the reactance, X, such that 


l 
where the reactance 


| ) t] l he j 
The admittance is the reciprocal of the impedance, Z I 
conductan G, is the reciprocal o resistant R nd th 
susceptal B, is the reciprocal reactant Y, and 
P 
y= Vi 
of | sa llal - 
or ior the paratliel cireult 
l 
: 
A 


vere Wie) +(ie-8) 


But if the inductance and capacity of the resistance box are dis 


I 
rare j mall « +} . + oY ] ; et f 4} sah! 
regarded as well as the resistance and indue ance OT the variabpu 


condenser, and if the latter is so constructed to be of negligibl 


dielectric loss, the equation may be simplified and reduced te 


the following. 
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In case the self-inductance of the conductivity cell is negligible, 


the resistance, , of the solution may be found from the following 
proportion. 


ij é Che following determination was made on 1 per cent Nat 
: in water in a conductivity cell containing bright gold electrodes 25 
: square, at 25 R 20 ohms, C2 1.06 X 10~-*f, Rs 178 and i, 522 
5 OOO Che impedance f the arm of the bridge conta pg 
, | 
1 
- 
16.67 
6.2832 * 5.000 K 1.06 & () 
»()2 
and the impedance of the cell: 16.67 178: 522, therefore the 
the cell 15.28. 
Since the difference in phase between the current and voltage is 
Same in the tw irms of the bridge, the fo wing itio hold 
l ] 
j 12 OS 
f ib 67 
herefor Ki 16.67 15.28 20 12.73 of 


should be emphasized that if the usual method oO! disregard 


— 


ing the reactance of the bridge is followed the calculation is 


} 


in other words, the resistance of the solution is 12.73 ohms, whereas 
the uncorrected calculation gives 18.314 ohms, or 28 per cent to 


high a value. 


A Method of Procuring Sharp Tone-Minimum with Bright Elec- 

trodes without the Necessity of Complicated Calculations. 
If the variable condenser, C2R2Le, is removed from the Wheat- 
stone bridge, a tone-minimum of great sharpness may be secured 


with the aid of a variable inductor, ZL, in series with the con- 
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322 Conductivity of Solutions 
ductivity cell With bright elect: s, 25 mm. square, we found 
the General Radio Variometer 107 C, with a range of about 0.02 
to 0.5 millihenries sufficient, and the cost was a small fraction « 
tha ( he irlable condenser 1 essitated v th previous 
n } ! Sin he! IS [OSS O ower due te cele ri hvste ORxyc 
? ya? hy | wer con le nse! 9 hig oy} l¢ ( nde ser ( ! iX]- 
I ! 10 microfarads had sed in tl Dl | 
hod and hence the high cos 
If the reactance of the resistance box is negligible, the reactance 
+} ] ia ; 1] 1 1 
he conductivity cell plus variometet ro when t] ! - 
eter is adjusted for sharp tone silence, as follows 
- 
i\ 
A one-minimum is not secu intil ( ( 
adjusted at it compensates the capacity, C, of the cell so that 
the reactance Hecon S Zere 
With the ¢ mination otf ti ren Ln rom the equation the 
calculation involves only the resistances in the four arms of the 
hridos nel } nhtra pdt f +} y } ‘ ron ter 
i iQ wna lw SUDTTaction OT tit CSIS nce oO Variometel 
} om the resistance of the arm of the bridge containing it, In ordet 
' » ¢ un the resistance of the conductivity cell. The iriomete! 
: M ' i a 
: smacdce of two Cous rotating on an AaXIs ll I plane Of th OUS 
1 1 , y , 
} | hence the current passes through the who length of wire ! 
: ; ad +4 ae ae an as 
: itter what the setting for inductan Cherefore e resista 
: ) I Lriomete oes not change equel Ss nig 
oh tO roduce skin effect Th resist if the ariometel 
be determined once for all. Its resista s 1.095 wit! 
q Is con ed 1n si sand 0.2855 h coils ected 1 railel 
T ] \ ’ 7 +f y 
( LO\ Nault Ln 
4 lad 
| | ise of the variometer eliminates ecessity of platinizing 
7 
rodes, and allows the use of small ( l ICS, THUS adap 
ing the luetivi method to a wider range of usefulness m 
biochemistry Sufficient current must be used in order to work 
the telephone diaphragm, but, if the conductivity of the solutior 
ls high enough, very sn ill e] { rodes ma\ ( Is | vithnout danger 
' of reaching current saturation An inductance has been used by 
Ta lor Al Ler bu their I ilts wer re luce | tO iInnnite 
' ie 
eC l¢ 
/ 
7 





































RATE OF HYDROLYSIS OF PHOSPHORIC ESTERS OF 
SUGAR DERIVATIVES. 


first PAPER. 


P. A. LEVENE ano M. YAMAGAWA 


R tion Tune 2%, 1920 

\ number of the components of the tissues contain in t ! 

, : : ‘ a ae ada : : 
molecules either phosphoric or sulfurie acid. The phosphoric a 

] + ] , ] ] ] 4 ] na 4+ 
radicie is contained in the mono- and porynucieotides, and I 


sulfuric acid radicle in chondroitin- and mucoitin-sulfuric acids 


In all these compounds the acid radicle is linked in ester form to 
either a carbohydrate or a polyhydric alcohol. On long acquaint 
ance with substances of this character, one comes to realize that 


the inorganic radicle is linked in different substances of the sam 


, ae } ' 
group with aliterent Gegrees ot firmness, Thus, for instan 
,  ): ' , ’ : . 
mMosiniec ana uridinphosphorie welds on one hand, and in gua} 
rn t] har: in ol beret nif j } na i - om 
on the other; in chonaroitin-suliurie on one hand, and mn muco 
nif , mn ¢ he? rat “Hd licr] | ! 
Sul l On 1 0 ( Oo] 1¢ Clas CIsYD Litt j 
ot resistance towards hvadro tic agents 
In compounds such as the ribose nucleotides, two comp 
f +] moleen!l } yr and ti} nara " ) 
Ol l mou le, the sugar, and the lnorgank Cla, 1 
} T 
S nd o1 V the hird component 1s ria it Is 
that the firmness of tl inion between the a na t ! 
Lie molecule ma 1 onadit ned py two ] ) I ( 
ot 1 DASt na | DOsItioONn <¢ the wld Tad ( mm 1 
] 4) CLLie 
mat CXISTS nO System 1i@ stud ot Tt! rate ot hyaro ( 
tan farm damtzati f oY hich havea nix non? { 
ester torm derivatives Of sugars whien have onry one poln oO} 
hf ? T , ] +} t t +} }] re | ? t +} 70 | . { | 
aiimerene namely, thi O tne auoecation oF the acia radicis 
fowever, in the preparative work on sugar derivatives 


is students, 








+ hyy 
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sic 
ry? 
| ( 
14 
on 7 
r 
t t 
Tutu 
| 
i 
1 
i? 


. 
! C 
rorn 
, 
on 

1 
nh 
? (>) 
te] 
all 


nad 
SiS 


s abundant evidence that such differences in the rate of hydrol- 


Phe 


\ more di 


Yyr lle 
provi ith 
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yt) 
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sphorie Esters of Sugar Derivatives 


tailed as well as a more systematic invé stigation of 


Is much desired not only for purely academic con- 
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whereas in the latter it was linked to one of the secondary alcoholic 
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EXPERIMENTAL. 


a-Met} ylglucos dophosphor Cc Ac d, 11.644 gm 
methylglucosidophosphate were ground up with 


19.2 ec. of N HoSO, were added, and the volume w: 


ives 


ol | 


a little 


iS made 


100 ee. The solution was filtered from the barium 


without further addition of water. 


The concentration of methylglucosidophospho 


ric acid 


yarlum 
water, 
up TO 


7. 
sultate 


established by a polariscopie determination; 5 ec. of the solution 


contained 0.450 gm. of methvlelucosidophosphori 
senting 0.0509 om. ot P. 


a oc. of this solution were pipe tted Into glass tubes togethel 


5 ee. of 0.2 N HeSO;. The tubes were sealed and 
oil bath at 100°C. for various intervals as indicated 
\fte cooling, the contents of each tube were made 
ind the phosphorous was determined as magnesi 
phate on 40 ee. of this solution. 
The results are tabulated in Tables I, Ia, I, an 
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Of this solution 3 ee., equivalent to 0.029 gm. « 


into glass tubes together with 2.27 ec. of N HeSO, and 0.7 
ater and sealed The tubes were heate t if 


The results are tabulated in Tables VI and VI 
Ti noacelone Gluco dophosphorv Ar 
Glu 5.876 gm. of the barium salt of the su 


ssolved in a small quantity of warm wate 


‘ 1 . ‘ 1> 
LO eo CC Ot this solution equivalent ¢ 0.028 ¢ ( I on 
2.29 ec. of N HoSO, and 0.71 ee. of w 
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l I ibu ited in lab Vil VI] 
-Monoacetone Gluc } S.428 


irium salt of the substance wet 


ime of warm water, made up to 75 
- ) )- ) 
5 . of the filtrate, equivalent to 0.035 gm. of | u 
»g of n H.SO, and 2.03 ee. of water wer 
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reP2O 
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TABLE I. 
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0.0014 
0.0016 
0.001S 
0.0016 


0.0044 
0.0042 
0.0042 
0.0046 
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0.00S1 
0.0087 
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a-8-Monoacetone Gluco -~-Pho phoric Acid (from Diacetone Glucose 
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J élocity Con stants. 


rABLE Ia 


a-Methylglucosidophosphoric Acid 


MeeP2O 
0.0017 0.0714 0.00017 
0.0045 0. O6S6 0 00023 
0 .OOS5 0.0646 0 00022 
0.0176 0.0555 0 .QO0025 
0.0297 0.0434 0.00023 
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tioned by the position of the phosphoric acid radicle cannot as 
yet be stated. There are indications that this may be so, since 
the ribose phosphoric acid obtained from this nucleotide also 
possesses considerable stability. 

The differences in the stability hitherto observed are only of 
a qualitative nature. However, in order that this property of 
nucleotides may be made the basis for suggestions regarding their 
structure, It is necessary to obtain more detailed information con- 
cerning the comparative rate of hydrolysis of the various nucleo- 
tides, 

The substances employed in this investigation were as follows: 
Yeast nucleic acid (employed in form of its barium salt), inosinic 
acid (in form of barium salt), uridinphosphoric acid (barium 
salt), guanylie acid (erystalline nucleotide), adenylic acid (crys- 
talline nucleotide), and hexothymidindiphosphoric acid (barium 
salt). 

These substances were employed in approximately equivalent 
concentrations, and the hydrolysis was accomplished by 0.1 N 
sulfuric acid at a temperature of 100°C. It was found by 
Levene and the writer that consistent results were obtained only 
when the hydrolysis was carried out in sealed tubes. The rate of 


hydrolysis followed, as was expected, the monomolecular law and 


. ° - 1 a Ps 
the constant of hydrolysis K = log was as follows: 
a-zZz 

] a 
log — 
a—z 
Nucleie acid..... 130 (107? 

Guanosinphosphoric acid ee ee van ae 
Adenosinphosphoric “ ....... ; 166 (107?) 
Uridinphosphorie ae ee ...- 480 (1073 
PROSIMIC BOIG. <6css00sss000 rere .. 470 (1073 
Hexothymidindiphosphorie acid.... ; .. 60 Uo © 


Thus the velocity constants of the guanosinphosphorie and 
adenosinphosphoric acids is identical. On the other hand the 
constants of inosinic and uridinphosphoric are also identical in 
spite of the fact that their basic component is of a different 
nature. 
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EXPERIMENTAL. 


Nucleic Acid.—4.1184 gm. of barium nucleate were ground up 
in a small quantity of water and 16.3 cc. of N HeSO,4, made up to 
30 ec., and filtered. 5 ee. of this solution by Kjeldahl determi- 
nation contained 0.4184 gm. of nucleic acid equivale nt to 0.0397 
gm. of phosphorus. 

5 ee. of this solution were hydrolyzed with 5 ec. of 0.2 N HeSO, 
in sealed tubes at 100° for various intervals. The phosphorus 
was estimated as magnesium pyrophosphate. ‘The results ar 
tabulated in Tables I and la. 

In Series 2 and 3, 0.5607 gm. of barium nucleate was weighed 
off for each tube, equivalent to 0.450 om. of nucleic acid, and this 
was hydrolyzed with 1.61 ec. of N HeSO,, and 3.39 ec. of water. 
The contents of these tubes after heating were treated as pre- 
viously described. The results are tabulated in Tables Il, Ila 
III, and Illa. 

CGruanosinphosphoric Acid.—6.75 gm. of guanylic acid were 
dissolved in a small quantity of warm water and made up to 
75 ec. By analysis of a sample of this material each 5 ec. of the 
above solution contained 0.4321 gm. of guanylic acid or an equiva- 
lent of 0.0365 gm. of phosphorus. 45 ce. of the guanylic acid 
solution were hydrolyzed with 5 cc. of 0.2 n H.SO, at 100° for 
various intervals. 

The results are tabulated in Tables IV and IVa. 

Adenosinphosphoric Acid.—4.733 gm. of adenylie acid are dis- 
solved in a small quantity of warm water and made up to 50 ce. 
3 ce. of this solution equivalent to 0.024 gm. of P and 3 ce. of 
0.2 n H.SO, are hydrolyzed in sealed tubes at 100° for various 
intervals. 

The results are tabulated in Tables V and Va. 

U'ridinphosphoric Acid. Series s 10.5404 gm. of barium 
uridinphosphate were taken up in water and 44.3 cc. of N H2SO,. 
The solution was filtered and 5 ce. of the filtrate containing 0.450 
gm. of uridinphosphoric acid (Kjeldahl) equivalent to 0.044 gm. 
of P are hydrolyzed with 5 ce. of 0.2 nN HsSO, at 100°C. for 
various intervals. The results are tabulated in Tables VI and VIa. 

Series IT.—9.6435 gm. of barium uridinphosphate are taken 
up in a little water and 41.6 cc. of N HSO, and further treated 
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TABLE II. 


Vucleic Acid. 


0 OOF 
0 0062 
() (HM) 
() (HN 
aed 0.0062 
0.0077 
0.0135 
f 0.0135 
() 0) >? 
0.0149 
0.0144 
0.0144 
0.0251 7 
0.0250 
0.0248 
{ ~9 
0.0253 ~ 
: 0.025 
0.0254 
O Os604 
em 0 OS560 
0 Usd, 
Q 
0. O3868 
0.0369 
0.0370 
0.0437 
0.0436 
0.0454 
if 
0.0440 
) 0440 
0.0440 
0.0458 
0.0459 
QO 0459 
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ABLE VIII, 
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Me:P,0 


Q OO54 
0.0052 
0.0051 


0 0055 


0.0104 
0.0103 
0.0104 


0.01S9 
0.O1S1 
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0.0454 
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Y O456 


0 0524 
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He 


rABLE IX 


-othymidindiphos phorte A cr 


Average 
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0 OLSS 
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60 0 .OU62 0.036, 0.001] 

LV’O 0.0140 0.0289 0.0014 

"40 0.0252 0.0177 0 OO16 

SQ) 0.0365 0.0064 0.0017 
YOU 0.0458 
1,440 0.0462 
0.0429 


rAB IIla 


Yib , 
1) OO50 { 5/0 0 OO1] 
0 0.013] 0 OVOS 0.0013 
240) 0.0254 0.0175 0.0016 
{C0 0.0367 0.0062 0.0017 
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THE ESTIMATION OF AMINOETHANOL AND OF 
CHOLINE APPEARING ON HYDROLYSIS 
OF PHOSPHATIDES. 


By P. A. LEVENE anp T. INGVALDSEN. 


Laboratories of The Rockefeller Institute for Med 
Re ved for publication, June 28, 1920 


The method herein described is a modification of the one intro- 
duced by Thierfelder and Schulze.’ 

In the original method, the separation of the two bases is based 
on the difference in the behavior of their hydrochlorides towards 
calcium oxide. Whereas the hydrochloride of aminoethanol is 
transformed by calcium oxide into the free base, the salt of choline 
remains unchanged. 

In this particular the present m thod follows the directions of 
Thierfelder and Schulze. The difference is in the following. 


Che extraction of the free aminoethanol is accomplished in the 


original method by means of ether in a Soxhlet apparatus. This 
process is time-consuming and presents all the inconveniences of 


a Soxhlet extraction. We substituted in its stead extraction by 


A 


means of boiling acetone, which is accomplished very rapidh 

A modification was also introduced for the isolation of choline. 
In the original process the hydrochloride of the base is extr: 
with alcohol. From this solution the base is precipitated with 
mercuric chloride, and this is then transformed into the hydro- 
chloride and as such weighed and identified. However, the hy- 
drochloride does not possess sufficiently desirable properties to en- 
courage its use for the purpose of identification or of quantitative 
estimation. Hence the method was modified as follows: 

The residue from acetone extraction is freed from hydrochloric 
acid and from lime and the choline is converted into the picrate. 
This if desired can be converted into the chloroplatinate 
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up in absolute alcohol and precipitated with an alcoholic solution 
of PtCl,. The yield of dried precipitate was 0.7065 gm. or 98.7 
per C¢ nt of the theory. The chloroplatinate decomposed at 243°( ; 


and had the following composition. 
0.1050 gm. of substance gave on ignition to constant weight 0.0334 gm 


Calculated for 
“*sHwpONCI)PtClhs 
Pe: ; : 31.64 31 80 










































UNSATURATED LIPOIDS OF THE LIVER. 
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Che subject of the lipoids of the liver calls for reinvestigation for 
several reasons. Previous investigators have laid claim to the 
discovery in this organ of substances which were not found 
among the lipoids of other organs Furthermore, none of the 
phosphatides isolated from this organ has been identified with 
sufficient rigor. 

The substances described as peculiar to liver tissue are jecorin,’ 
and heparphosphatide.? Other unsaturated lipoids isolated from 
the liver are lecithin (Baskoff) and cephalin.* The relation of the 
latter two lipoids to lecithin and to cephalin of other organs had 
not been established. 

Regarding the unsaturated lipoids of other organs it is known 
that on the basis of their solubility they may be classified into 
three groups. 

& The acetone-soluble lipoids. 


2. The acetone-insoluble, but aleohol-soluble. 


3. The acetone-insoluble and alcohol-insoluble. 

These differences in solubility are referred not to the pure sub- 
stances but to material obtained by the extraction of the tissues 
with ether. 

In this laboratory,‘ it was found that the first fraction con- 
sisted principally of lecithin with small proportions of cephalin 
which can be readily removed; the second fraction consisted of 
lecithin containing larger proportions of cephalin; the third con- 

Drechsel, E., J. prakt. Chem., 1886, xx» 125 
Saskoff, A., Z. physiol. Chem., 1908, lvii, 395 
Frank, A., Biochem. Z., 1913, 1, 277. Levene, P. A., and West, C. J., 
J. Biol. Chem., 1916, xxiv, 115 
‘Levene, P. A., and Komatsu, S., J. Biol. Chem., 1919, xxxix, 91 
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sisted of very small proportions of lecithin and larger proportions 
of cephalin, but the bulk of the material of this fraction is com- 
posed of fragments of the other lipoids. 


The present investigation aimed to find whether or 


enumerated three fractions with their general characteristics 
can be obtained from the liver tissue. The answer obtained was 


in the affirmative. 


The acetone-soluble fraction led to the preparation of pertect 


pure lecithin. The acetone-insoluble but alecohol-soluble frac- 
tion led to a lecithin and cephalin mixture in which ceph 
stituted about 20 per cent of the material. rom this fract 


also pl ictically pure lecithin could bs prepared 
ihe acetone- nsoluble and aleohol-insolublk raction Was 10 
to be a mixture ol little lecithin, little eC phalin nad Ol 


ol tragments ol these and perhaps of other lipoids. 





In this respect, then, the lipoid material obtained from 
liver does not differ from that of other organs. 
The study of the details of the structure of liver lecithin on one 


1 


hand, and of the cephalin fraction on the other, however, has 


brought forward some new facts, which are important not only in 
ference to the special topic of liver lipoids but to that of 
nsaturated lipoids in general. 

Liver Lecithin.—The point of interest in connection with this 
su Lean lies in the nature of the fatty acids ent ring into the 
structure of its molecule. In the literature on this subject ther 


1] 


exists utter confusion. <A critical review of the subject will be 
riven in a future publication. Here it suffices to note that liver 
ecithin contains in its molecule two fatty acids: one saturated 
stearic acid andthe other unsaturated of the linolie series. ‘There 
Was no evidence of the presence of oleic acid. Chis conclusion 
was reached on the basis of the solubility of the barium salt of 


the unsaturated acid in ether, and on the basis of the hvdrog n 





and iodine values of the fatty acid and of lecithin. 

The hydrogen number (grams of hydrogen absorbed by 100 
grams of substance) of a lecithin containing in its molecule linolic 
acid is 0.5018. 

The number found for our lecithin was 0.5018. 

The iodine number for two double bonds is 63.26. 


‘ 


9 
oO. 


The value we found was 72. 
















,. 


A. Levene and T. Ingvaldsen 361 








lor linolic acid the hydrogen number is 1.439. 
Our estimations on the unsaturated fatty acids from lecithin 

























gave an average of 1.508. 


Che caleulated iodine value is 180 and we found 210. 


W hether or not the acid is linolie or 1ts high I homolog 
absolutely certain. The analytical data obtained on the hydro 
pt nated acid prepared in the course oj the preset nt work corre 


+ 


spond to that required by theory Tor the higher homologue It! 
) } ] ] 
( Befor lefinite onelusion is reached a o 
( l eria - qu which Wil ] v ou 
? ] { (>? 
} 
, , 

mn thil respect the eCITHAINS optained rom ti! werTrone nsoiul 
ind trom the acetone-soluble tractions are 1dentica i ie 
reterre » I thi VO! CO! ed no tree anuno nitroge! 

( | L fie nt of interes CO ( 0 \ l 
rs ) t} OLlOoW oO \ I moneda l¢ ~ rire LO! 
represents @ mixture OT diilerent substances among wl! h recithin 
and cephalin are present, ihe speciat mmterest ol 1 ] sen 
work centers on the cephainn, \ sample of cephatin | Ving the 
elem ntary composition requ a by neo! or this e nas 

, : : . . 
not been obtained Levene and West had obtained im} 
, . 
ol hydrogenated cephahlin with an elementary composit I re 
quired Dy theory. Chis finding establis ied the correctness ot 
accepted theory OT the STrUucture Ol cephalin. kor HLOLOZICA 
purposes, however, 1t stlil remains of importanc to prepare 


, , , , , 1 ] 1 4 
non-hvarogenated cephaun with a theoretical elementaryv com 

+ ] ] 
position As vet this object has not been attaimed, Dut consid 
r 


owards this end is reported in this communica- 


erable progress 

tion. Substances with elementary composition approaching 
closely the one required by theory and containing between 45 to 
éU per cent of cephalin and the remaining part lecithin have been 
prepared. 

On hydrogenation of this material a sample was obtained con- 
taining SU per cent of hydrocephalin. The reduced material on 
hydrolysis yielded stearic acid and aminoethanol. 

In a general way the preparation of this material is as follows 
Crude ec phalin is dissolved in glacial acetic acid. To this solu- 
tion 99.5 per cent alcohol is added as long as a precipitate is 


formed. The filtrate is concentrated under diminished pressurt 
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and the residue is emulsified in water and precipitated by means 
of acetone. The precipitate is the substance mentioned. 

The details of the method are given in the experimental part. 

A detailed study of the remaining portion of the cephalin frac- 
tion will be presented in a separate publication. The application 
of this new method of fractionation of the cephalin fraction to 
material obtained from other organs is in progress in this lab- 
oratory. 


EXPERIMENTAL. 
ie Ace tone-NSoluble Fraet on. 


Ex pe “rment I. 100 lbs. of liver were minced, dried, and ex- 
tracted five times with acetone, followed by an equal number of 
times with moist ether. The ether extracts were concentrated 
and precipitated with acetone. The precipitate was dissolved in 
ether and reprecipitated with acetone, the latter operation being 
repeated several times. All the acetone-ether solutions thus 
obtained were united with the original acetone extract, concen- 
trated, allowed to stand at 10°C., and filtered. The filtrate was 
further concentrated in vacuo and poured into a large volume of 
acetone. On standing at 10°C., a syrupy precipitate formed 
which was separated by decantation. The acetone solution was 
again concentrated zn vacuo. The residue was diluted with a little 
alcohol and precipitated with an alcoholic solution of cadmium 
chloride as long as a precipitate formed. After standing over 
night, the precipitate was filtered, redissolved in ether and water 
as usual, and reprecipitated with alcohol. The precipitate thus 
obtained weighed 250 gm. and contained 4.5 per cent of its total 
nitrogen in the form of amino nitrogen. 

200 om. of the above product were heated with 1.5 liters of tolu- 
ene, allowed to cool, and centrifuged. A solution, No. 180, and 
a precipitate, No. 181, were thus obtained. The toluene solution 
was stirred into 6 liters of ether to which 1 per cent of water 
had been added. The precipitate, No. 180, was separated and 
washed with alcohol. The yield was 56 gm. of a substance giving 


the following analysis. 


0.1026 gm. of substance gave on combustion 0.1750 gm. of CO», 0.0692 
gm. of H.O, and 0.0240 gm. of ash 
0. 1LSOS gm. of substance used for Kjeldahl! nitrogen estimation required 


for neutralization 1.86 ec. of 0.1 N acid. 
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0.2848 gm. of substance gave on fusion 0.0314 gm. of Mg. P.O 


0.4746 “ “ PY, rv, rT; &< 0.1340 “ “ CdsSO, 

2 gm. of substances were hydrolyzed for a determinat p 
distribution with 10 per cent HCI, neutralized, and then neent! 
10 « 

5 ec. of this solution for Kjeldahl determination required 3.95 ec 
0.1 nN acid for neutralization 

this solution ven trogen gas by a VanS 
Calculated for 

CyuHeOsgN P-2Cdl I 

pe - 
( 15.15 16.51 
H 4.0 7.00 
N 1.19 { 
p 2? 6 ) 
Cd 19.20 1D.17 


| ital N 100 LOO 


The precipitate, No. 181, mentioned above, dissolved for the 
most part in 500 ee. of benzene. The filtered solution was poured 
into 95 per cent alcohol and a precipitate, No. 181, was obtained. 
The yield was 40 gm. of a substance containing 0.5 per cent of 


its total nitrogen in the form of amino nitrogen. 


1.5 gm. of substat were hyd d ! leter! 
gen distribution with 10 per cent H¢ neutralized, a1 el I 
to 10 ex 

yD Ce this solut ré red 3.40 of 0.1 
Kjeldahl deter t 

2 cl f this ut I \ s d I () { N 
v r 400 mm 1 oo \ 

Experiment 2.—In a second experiment the precipitation of the 
concentrated acetone liquors with acetone was omitted. In this 


case, however, it was more difficult to obtain a fraction free from 
amino nitrogen. \ftet repeated solution in benzene and pre- 
cipitation with moist ether, two fractions were obtained. Of 
these, one consisting of 50 @m., was amino nitrogen-free, and the 
other, 95 gm., contained 0.5 per cent of its total nitrogen in the 
form of amino nitrogen. 

20 gm. of the lecithin-cadmium chloride compound was freed 
from cadmium chloride by the method described by Levene and 
West. The lecithin thus obtained was purified once by Mac- 





— 





364 Unsaturated Lipoids of the Liver 


Lean’s water-acetone method. Attempts to reduce the product 
failed. Hence the purification with water and acetone was re- 


peated four times, after which the precipitate was dissolved in 


ether and re pre cipitated with dry acetone. 
| 


nal . 
iced material were 


The following analytical figures on the unred 


I 
} } 
obtamea, 


r { l ce g t nw 6 gI ( (‘¢) 4) 1014 
e H.O, and 0.0102 g sh 
0.1940 tar used for Kye hl en es t 1 
r ne I 71 ee. of 0.1 cid 
0) VOTO t eg r } i 0.037 0 \ P.O 
| 
( H anf » ] 
( 65.7 65.7 
H 10.70 10.70 
N 1.74 1.97 
P > SO ] 
0) O7 ra f ibstance dissolvee n 95 per cent aleohol conta ning one 
lrop of acetic acid was reduced with hydrogen in the presence ol palla- 
he method of Paal he palladium and most of the alcohol was 
, hvd en before tl ntrod I the substance 99.7 
p ¢ 767 1 [7 ere absorbed (54 
ed in 1 ind 15 r4 hours the figures giver 
1). Reduced nditions, 59.7 ce. at above 
if el re ~ re i ( t +.4 r 0 OOAS 0 
! ‘ ‘ 
i) (i ov} Suit ( rs T () 
ling of W 
( | 
H () 1S {) x 
, - = 


52 om. of No. 180 and 38 gm. of No. 181 were combined, 
powdered, and boiled ‘a hours with 700 ee. of 10 per cent hvdro- 
chloric acid. Aft r cooling the cake of fatty acids was filtered 


ott. The acids were repeatedly melted in hot water, allowed to 


¢ { 
cool, and separated from the water, until the wash water was 


neutral to litmus. The washed acids wels 


hed about 42 gm. 


Lh 


They were converted into barium salts by the method deseribec 
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by Levene and Meyer,® using, however, an aqueous solution of 
barium hydroxide instead of a methyl alcoholic solution as de- 
scribed in the original method. The barium salts were extracted 
with ether until practically nothing further was taken up | 
olvent. A residue, No. 185, and a solution, No. 186, of bat 


salts were thus obtained. The barium salts of the satu 1 
No. 185, were decomposed with 10 per cent hvydrochlo 
on the water bath, and washed free from inorganic acids 
The fatty acids weighing nearly 21 gm., were converted into 
salts by adding an aqueous solution of lead icetate to meth 
ileoholic solution of the acids, followed by a few drops of amm« 
nia water. The lead salts were filtered and washed with water 
and acetone Che salts were then dissolved in hot benzen nd 
decomposed with hydrogen sulfide. After removing the lead 
sulfide, the benzene solution was allowed to stand in an ik hest 
and a precipitate No. 185, was obtained. Che fatty acids in 


this fraction melted at 68—-68.5°C. (corrected) heated at 5 to 6 
seconds per degree. \fter one recrystalli ation trom benzene 
the acid melted at 69-70° (corrected). \ll melting points recorded 
in this report were taken at such a rate that 5 to 7 yn re 


: . , 
consumed 1or each aegree rise. 


oO 


Che analysis on No. ISS was as follows 


0.1000 g1 f ibstance gave on combustion 0.2S ra of Cf 
0.1170 gm. of HO 
1.1546 gm. of substance I molec ular weight de teri ! t ed 
in 10 ec. of toluene and 25 ec. of methyl alcohol, requi1 ri ! tion 
SONS CC of 0.5 ~ alkal 
Ca 
{ 
( 40 \ 
I] mr, 09 
\I \ 0 4 _ 


Che combined benzene filtrates from the above acid were econ- 
centrated, and a small volume of acetone was added After 
standing in an ice chest, the fatty acids were filtered off and 
dried, the acids in this fraction melted at 60°C, corrected) 


and had the following composition, 


P. A., and Meyer, G. M., J. Biol. Chem., 1917, xxxi, 627 
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0.1005 gm. of substance gave on combustion 0.2809 gm. of CO: and 0.1165 
gm. of H.O 

1.2156 gm. of substance in a molecular weight determination titrated 
as above required for neutralization 8.82 ec. of 0.56 Nn NaOH. 





Calculated for 


CisHgsOr Found 
C ; 75.98 16.22 
H 12.76 12.97 
Molecular weight.. 284 275 


These acids were again converted into lead salts, which were 
suspended in ether to remove any trace of unsaturated acids. 
The free acid after liberation was recrystallized from 95 


er 
cent alcohol, and it then melted at 66—-67°C. (corrected) and 


analy zed as follows: 


0.1000 em. of substance gave on combustion 0.2784 em. of COs.. 0.1164 
gin. of HoO, and no ash. 
0.5831 gm. of substance for a molecular weight determination titrated 


as above re quire d for neutralization 4.20 ec. of 0.5 Nn NaQH. 


CyeHaeO Fo | 

per cent r t 
C : 42.08 75.95 
H 12.76 13.02 
Molecular weight 284 2/8 


This substance was apparently stearic acid containing a small 
amount of impurities. 

The ether solution of the barium salts of the unsaturated acids, 
No. 186, was decomposed with 10 per cent hydrochloric acid in the 
presence of benzene and washed free of mineral acid as before. 
The benzene solution of the fatty acids was filtered, evaporated 
and finally the acids were dried in a 90° air bath. 20 gm. of a 
liquid were thus obtained which remained fluid in the ice chest. 


t.9110 gm of substance, dissolved in 95 per ce nt aleohol and hydr = 
genated as previously described, absorbed 1.024 liters of hydrogen at 
755.5 mm. pressure and 22°C., or 0.0825 gm. of hydrogen. 

0.2386 gm. of substance absorbed 0.5028 gm. 


according to the method of W 1S. 


f iodine when titrated 


( ileulated for 
CisH (Oo Found, 
Hydrogen number...... ; 1.439 1.679 


Iodine a ) ieee 


1SO 210 
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100 gm. of the same sample of lecithin cadmium chloride com- 


pound from which the free lecithin had been obtained were hydro- 


lyzed as previously described. 


dissolved in ether and repeatedly washed with water. 


solution was evaporated and the acids were dried in 


heated 


» 7 
0.496 


Hy 


It w: 


in eth 


In that 


verted into lead salts and extracted 


oven. 

1 gm. of the mixed : 
Ss prev S descr 
tes The acids al 
1 22.6°C r 0.00611 

irogen number 


is found that the 


le: 


] 
Lu 


salt of oleic 


CisHyO 


0.714 


acid was readi 


r while the barium salt of this acid was almost 


solvent. Hence 


the 


rest. of the 


with ether. The 


] 


fattv acids we 


A sample of the free acids was 
The ether 


a steam 

} 

0.768 

. lihl 

V SOLUDIC 
lial 

INnSOLUD!EE 


re con 


unsatur- 


ated acids were liberated in the ether solution with hydrochloric 


acid and washed free of mineral acid, 


tion w: 


salts and extracted with ether. 


al 


after which the ether solu- 


is evaporated. The fatty acids were converted into barium 


ter this extraction, and this gave 


after decomposition with hydrochloric acid. 


only a trace of fatty 


Only a small residue remained 


? 
acias 


The extracted barium salts were decomposed with hydroch'oric 


} 
acia in 


the presence of ether and washed free of mineral acid. 


The ether solution was evaporated and dried as previously de- 


seribed. 


gave the following figures. 


OSI] 
P ‘6. 


t gm. of substance 


nethod absorbed ISS 


i 


r 0.00997 om. of hvd 


drogen numbe! 


dis 


solved 


of hydrog 


in 95 per cent alco! 


\ liquid Was thus obtained which on hydrogenation 


The unsaturated acids were hydrogenated by Paal’s method, 


and the reduced acids purified by converting them into lead salts. 


Repeated recrystallization from 95 per cent alcohol gave acids 


which 


stearic, which had a melting point of 68-69 


melted at 


69-70°C., 


The substance had the following composition. 


corrected " W ith 
it melted 


at 


Kahlbaum’s 


63°C 
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0.1006 gm. of substance gave on combustion 0.2850 gm. of CO, and 0.1194 
rm. of H.O 
0.1004 gm. of substance gave on combustion 0.2838 gm. of CO. and 0.1184 


em, of H.O 


1.0718 gm. of substance for a molecular weight determinat n dissolved 
n toluene and methy! alcohol required for neutralization 6.72 e f 0.5 » 
NaQH 
{ a 
( i ) | 
( 76.92 77 77 O8 
HH S S 
Mo ir weight I 
further investigation will be required before a final decision 
as to thre actu i] composition Can he reache ra 


Mxperiment 3.—A lecithin-eadmium chloride compound almost 


free from amino nitrogen was obtained from the acetone-insoluble, 
aleohol-soluble fraction of the lipoids. The solution of the lipoids 


in alcohol was precipitated with cadmium chloride as previously 


described, and the precipitate was dissolved in benzene and pre- 
cipitated with ether saturated with wate The operation was 
repeated four times. \t first a large volume of ether was en 


ployed, and it was found necessary to add alcohol to accomplish 


a satisfactory separation. \ yvield of 57 em. of a snow-white 


substance was thus obtained, which contained 0.42 per cent. of 


its total nitrogen in the form of amino nitrogen 


4 e subst e were hvydr ed t g 
listribution, neutralized, and concentrated to 10 « 
( he solution required for neutralization 4.63 ¢ f 0.1 
Kjeld determinatiorz 
th lution gave 0.02 ex fNg : \ S] ‘ : 
I 190 1 l 23 4 


Che fattv acids from this fraction were obtained as pre viously 


described. The mixed acids had the following ch iracteristics, 


1.0025 gm. of substance reduced by Paal’s method absorbed 97 
H at 761 mm. pressure and 22.2" or 0.00751 gm. of hydroger 
0.5115 gn Oo subst: i hed U 17 rt | e when t er 




















rs 
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Che saturated acids after one reerystall 


IZATION 


} = ; 
AICONOL me ed L 0.8) ( corrected 
{) Dost le 
+100 CO! 1 
| ) 1.4) 
ny rt rweilg 
read r ne 
Noi 
\Lolec \ gnt 
, } } 
Reervstallized from al t ! 
\ mixture with Kahlbaur stear I 
melted at 68.5° corrected 
] ) ° | ] 
Che ether solution of the barium salts « 
, 
was evaporated. Attempts TO dAISSOLVe Ti 
Ral ai 
ene Tailed as gelatinous transparen 


and na 


uspension 


from which the salts could again be separated 


The salts dissolved readily in benzene con 


4 


uUnimg 


lute aleohol, from which they were precipitated 
, an = 1 : } — 

SolUuTION Into a large volume ol absolute aAlcono 
as dried in vacuum over sulfurie acid. at temn« 


aod 4 r ( S hetans ‘ ve m tusion 0.05 


After allowing the barium salts of the al 
desiceator over sulfuric acid for more that 
in ether had decreased, and the free acids 


sition with hydrochloric acid formed a vis 





he following barium content 


‘ 


\ 


T. Ingvaldsen 


ra 
Cal te 
CirsHeO 
, - 
S4 
the ne 
UnSsa 
l@ Teslaue 


















370 Unsaturated Lipoids of the Liver 


had evidently taken place for on hydrogenation the following 
figures were obtained. 


0.6275 gm. of substance reduced by Paal’s method absorbed 71.3 ce. of 
H at 760 mm. pressure and 22.8°C. or 0.00571 gm. of hydrogen. 


0.3455 gm. of substance absorbed 0.4161 gm. of iodine when titrated 
irding to the method of W i]s. 


( ated f 
CisHwO I 
Hydrogen number 1.439 0.911 
Lodine as ; ISO 120 


Experiment 4.—Another sample of acetone-insoluble, aleohol- 
soluble lipoid was purified by water and acetone, dried, dissolved 
in glacial acetic acid, and poured into a large volume of dry 
acetone. The mixture was allowed to stand at 0°C. over night, 
when a small precipitate, No. 68, was obtained. ‘This substance 
had the following composition. 

0.1002 gm. of substance gave on combustion 0.2227 gm. of COs, 0.0823 
gm. of HO, and 0.0107 gm. of ash. 

0.1960 gm. of substance used for Kjeldahl nitrogen estimation required 
for neutralization 3.14 ec. of 0.1 N acid 

0.2940 gm. of substance gave on fusion 0.0377 gm. of Mg.P.0; 

l gm. was hydrolyzed in estimating the nitrogen distribution, neutral- 
ized, concentrated, and made up to 10 ce 
5 ec. of this solution required 2.92 cc. of 0.1 N acid for neutralization in 
Kjeldahl determination 

2 cc. of this solution gave on Van Slyke determination 1.48 ec. of N gas; 
P 764 mm., 7 21°C 

Found: C 61.23, H 9.44. N 2.30, P = 3.66 per cent 

NH, N 514 

TotalN 100 


The acetic acid-alecohol filtrate from No. 68 was evaporated 77 
vacuo to a thick Syrup, keeping the temperature as low as pos- 
sible. The residue was emulsified with water and precipitated 
with a small volume of acetone. The precipitate was dis- 
solved in ether, reprecipitated by acetone, and dried. This sub- 
stance had the following composition. 


0.1059 gm. of substance gave on combustion 0.2523 gm. of COs, 0.0971 
gm. of H.O, and 0.0101 gm. of ash 
0.2882 gm. of substance used for Kjeldahl nitrogen estimation re quired 


for neutralization 4.39 ec. of 0.1 N acid. 


«veo £ 
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0.2885 gm. of substance gave on fusion 0.0405 gm. of MgeP.O;. 

0.5 gm. was hydrolyzed for an estimation of the nitrogen distribution, 
neutralized, concentrated, and made up to 10 ce. 

5 ec. of this solution required 2.16 cc. of 0.1 N acid for neutralization in 
Kjeldahl determination 

2 ce. of this solution in a Van Slyke determination gave 0.33 cc. of N gas 
P = 768 mm., T 24°C 

Found: C = 65.38, H 10.12, N = 2.17, P = 3.92 per cent 

NH.N 13.7 

lotal N 100 


Expe ‘ment 5. \nother sample of crude lecithin, which had 
not been fractionated with acetic acid-acetone, was united with 
the substance of the above composition and reduced by the 
method of Paal. After the palladium was removed, the alco- 
holic solution was allowed to stand in an ice chest when the 
lipoids crystallized and were filtered off. 56 gm. of lipoids thus 
obtained were dissolved in chloroform and poured into several 
volumes of dry ether. The precipitate, weighing 48 gm., was dis- 
solved in 750 cc. of a mixture of methyl ethyl ketone and chloro- 
form as described by Levene and West.’ 31 gm. separated when 
the mixture was allowed to stand at room temperature over 
night. This substance had the following composition. 


0.1046 gm. of substance gave on combustion 0.2544 gm. of COs, 0.1040 
gm. of H.O, and 0.0104 gm. of ash 
0.2980 gm. of substance used for Kjeldahl nitrogen estimation required 
for neutralization 3.54 ec. of 0.1 N acid. 
0.2944 gm. of substance gave on fusion 0.0396 gm. of MgoP2O 
0.5 gm. was hydrolyzed for determination of the nitrogen distribut 
] 


neutralized, concentrated, and made up to 10 ce. 


5 ec. of this solution required for neutralization 2.06 cc. of 0.1 
for a IX je ldahl estimation 

2 cc. of this solution gave in a Van Slyke determination 0.52 ce: fN 
gas; P 773 mm., 7’ 20°C 


Found:C = 67.27, H 11.28, N 1.70, P 3.79 per cent 
NH. N 25.8 
Total N 100 


The filtrate from the above compound was allowed to stand 
in the ice chest, when a substance of the following composition 


separated. 


P. A., and West, C. J., J. Biol. Chem., 1918, xxxv, 285 


Le vene, 
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0.1035 gm. of substance gave on combustion 0.2499 gm. of CO», 0.0964 
gm. of H.O, and 0.0094 gm. of ash. 
0.1950 gm. of substance used for Kjeldahl nitrogen estimation required 


for neutralization 2.74 ec. of 0.1 N acid 
0.2925 gm. of substance gave on fusion 0.0407 gm. of Mg»P.,0; 
l gm. was hydrolyze d for estimation of the nitrogen distribution, neu- 
tralized, concentrated, and made up to 10 ce. 


5 ce. of this solution required for neutralization 4.72 cc. of 0.1 N acid for 


Kjeldahl determination 


2 ce. of this solution used for Van Slyke determination gave 0.90 « 
N gas; P 765 mm., 7’ 22 UU. 
Found: C 66.0, H 10.46, N 96, P ».S7 per cent 


gid. Ce phal } Fract mn. 


he hpoids precipitated by pouring their solution in ether into 


large volume of alcohol were extracted four times with 95 per 


Cc 


nt aleohol at 60°C. for 40 minutes as described by Levene and 
Komatsu. The residue was dissolved in ether, precipitated 
with acetone, and dried. This substance, No. 6, had the fol- 


lowing composition. 


0.0968 gm. of substance on combustion gave 0.2180 gm. of CO:, 0.0750 
gm f HoO, and 0.0122 gm. of ash 
0.1906 gm. of substance used for Kjeldahl nitrogen estimation requir 


r neutralization 2.84 ec. of 0.1 N acid 
0.2858 gm. of substance gave on fusion 0.0400 gn f Mg.P.O0 


Found: ¢ 63.07, H 8.96, N 22,8 115 per cent 


The substance was further fractionated by dissolving it in ether 
and pouring the solution into a large volume of alcohol. Finally 
the material was separated into two fractions by dissolving it in 
a small volume of ether and allowing it to stand at O° for 24 
hours. An ether solution, No. 26, and a precipitate, No. 28, 
were thus obtained. Both Nos. 26 and 28 were then sepa- 
rately dissolved in ether and precipitated with a small volume of 
aleohol, this operation being repeated several times. After this 
treatment No. 26 analyzed as follows: 

0.1044 gm. of substance gave on combustion 0.2278 gm. of CQ», 0.0830 
H.O, and 0.0148 gm. of ash. 


+ 
i 
0.3155 gm. of substance used for Kjeldahl nitrogen estimation required 


for neutralization 3.04 ec. of 0.1 N acid 
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0.2895 gm. of substance gave on fusion 0.0400 gm. of Mg.P.O 

1.4 gm. of substance was hydrolyzed to determine the nitrogen distri 
bution, neutralized, concentrated, and made up to 10 ce 

5 ec. of this solution required for neutralization 8.05 ce. of 0.1 


in a Kjeldahl determination 


2 ce. of this solution used for a Van Slyke determination gave 1.69 
of N gas, P = 757 mm., T' = 23% 
Found: C = 62.86, H 9.39, N 1.86, P 1.06 per ci 


lotal N LOO 


No. 28 analyzed as follows: 


0.2581 gm of substance us 1 for Kieldahl nitr ven estimat 
for neutralization 2.95 ec. of 0.1 N acid 
0.3000 gm. of substanes gave on fusion 0.0514 g1 f MgoP.O 
1 gm. was hydrolyzed to determine the nitrogen distribut ne 
: tra 1, concentrated, and made up to 10 ce 
: » ec. of this solution required for neutralization in a Kjeldal leter! 
nation 3.25 ec. of 0.1 N acid. 
” ce. of this solution used for i. Van Slyke estimation yy e 1.58 { N 
P 4OS.2 mm ] 25" 
| N Lge, © 1.77 per t 
NH. N 18.7 
(nH) 


ibstance analyzing unusually well was obtained from No. 28 


Ly 1¢ following procedure. The material was dissolved in thre¢ 
parts of glacial acetic acid with slight warming. The solution 


Vas poured Into ten parts of aleohol, the precipitate separating on 
standing in the cold. This was removed by filtration and the 


‘at, to a thick 


filtrate then concentrated 77 vacuo, without h 


syrup. Attempts to dissolve the residue in ether and reprecipi- 
tate it with acetone failed as the lipoid of this fraction was soluble 
in acetone in the presence of acetic acid. However, the syrup 
was emulsified with water and precipitated with a small quantity 
of acetone as described by MacLean for the purification of lecithin. 
The precipitate was dissolved in ether and reprecipitated with 
acetone. ‘This substance had the following composition. 


0.1036 gm. of substance gave on combustion 0.2372 gm. of COs, 0.0838 
gm. of H.O, and 0.0137 gm. of ash. 
0.3519 gm. of substance used for Kjeldahl! nitrogen estimation required 


for neutralization 3.54 ec. of 0.1 N acid 
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0.2916 gm. of substance gave on fusion 0.0357 gm. of Mg.P.0O; 

0.8 gm. was hydrolyzed to determine the nitrogen distribution, neutral- 
ized, concentrated, and made up to 10 ce. 

5 ec. of this solution required for a Kjeldahl determination 1.56 ce. of 
0.1 N acid. 

2 ec. of this solution in a Van Slyke estimation gave 1.04 ec. of N gas 
r 759 mm., 7 24°C. 

Found: C = 66.00, H = 9.5, N = 1.487, P 3.60 per cent. 

NH; N 66.4 

Total N 100 

It was later demonstrated that the acetone-insoluble material, 
precipitated from its solution in ether with alcohol at room tem- 
perature, was well adapted as a starting material for obtaining a 
substance of the above composition. The material was simply 
dissolved in acetic acid and poured into a large volume of dry 
alcohol. The filtrate was treated as previously described. On 
samples where the carbon was still low, the process was repeated, 
thereby increasing the carbon content, while the ratio of the 
amino nitrogen to total nitrogen remained the same. It was 
more difficult to obtain this material from crude cephalin which 
had been purified by the hydrochloric acid method. The analyses 
of some of these fractions are given in Table I. 


Several samples of this material were combined, dissolved in 
hot absolute alcohol, and placed in an ice chest. The precipitate 
was separated by filtration. The filtrate was evaporated in vacuo, 
and the residue was dissolved in hot methyl ethy! ketone. On cool- 
ing to room temperature asmall amount of a white solid separated. 
This substance, No. 131, had the following composition. 


0.1000 gm. of substance gave on combustion 0.2400 gm. of COs, 0.0966 
gm. of H.O, and 0.0100 gm. of ash 
0.1894 gm. used for Kjeldahl nitrogen estimation required 3.96 ec. oO} 


0.1 N acid for neutralization 

0.2841 gm. of substance gave on fusion 0.0366 gm. of MgeP.O 

1 gm. was hydrolyzed to estimate the nitrogen distribution, neutral- 
ized, concentrated, and made up to 10 ce 
5 ec. of this solution required for neutralization in a Kjeldahl deter- 
mination 3.25 ec. of 0.1 N acid 


2 ec. of this solution gave in a Van Slyke determination 0.65 ec. of N 


gas, P 752 mm., T 25°C 
Found: C = 66.78, H = 11.03, N = 2.93, P = 3.66 per cent. 
NH. N 19.7 
Total N 100 
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The filtrate from No. 131 was evaporated in vacuo. The residue 
was taken up in 95 per cent alcohol, slightly acidified with acetic 
acid, and reduced by Paal’s method. After hydrogenation had 
proceeded for a time a considerable quantity of solids separated 
which apparently hindered further catalytic action. The tubes 
were emptied, the solids were separated by filtration in an ice 


chest, and the hydrogenation was repeated on the filtrat: rhe 


rABLE I 


00 


reduced lipoids thus obtained were dissolved in hot absolute 
alcohol, filtered from palladium, and allowed to cool to room tem- 
perature. The resultant precipitate, No. 132, gave the following 


analysis. 


0.1025 a of substance gave on combustion 0.2416 gm. of CO.. 0.0910 
of H.O. and 0.0113 gem. of ash 
0.1947 gm. used for Kjeldahl nitrogen estimation required { 


ation 2.58 ec. of 0.1 N acid 


L OF BIOLOGICAL CHEMISTRY, VOL. XLIII 
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0.2948 gm. of substance gave on fusion 0.0406 gm. of Mg2P20;. 

1 gm. was hydrolyzed to estimate the nitrogen distribution, neutral- 
ized, concentrated, and made up to 10 cc. 

5 ec. of this solution required for neutralization in a Kjeldahl deter- 
mination 3.55 ec. of 0.1 N acid. 

1.5 cc. of this solution gave in a Van Slyke determination 1.94 cc. of N 
gas, P = 752 mm., T = 24°C. 

Found: C = 65.98, H = 10.30, N = 1.89, P = 3.93 per cent 

NH: N 71.8 

Total N 100 


The filtrate from No. 132 was allowed to stand in an ice chest 
whereupon a precipitate, No. 137, was obtained. This substance 
gave the following analysis. 

0.1029 g 
gm. of H.O, and 0.0105 gm. of ash. 

0.1944 gm. of substance used for Kjeldahl nitrogen estimation required 


n. of substance gave on comb istion 0.2480 en of CO... 0.0942 


for neutralization 2.03 ec. of 0.1 N acid 
0.2916 gm. of substance gave on fusion 0.0408 gm. of MgoP20 
1 gm. was hydrolyzed to determine the nitrogen distribution, neutral- 


ized, concentrated, and made up to 10 cc 


5 ec. of this solution required for neutralization in a Kjeldahl deter- 
mination 3.45 ec. of 0.1 N acid 

2 cc. of this solution gave in a Van Slyke determination 1.79 ec. of N 
gas, P 750 mm., 7 20 

Found: C = 66.68, H 10.36, N 2.02, P = 3.94 per cent 

NH. N 51.1 


Total N 100 


The filtrate from No. 137 was evaporated. The residue was 
dissolved in ether and precipitated with acetone. The precipl- 
tate, No. 139, gave the following analysis. 


0.0944 gm. of substance gave on combustion 0.2232 gm. of COs, 0.0906 
gm. of H.O, and 0.0094 gm. of ash 

0.1798 gm. of substance used for Kjeldahl nitrogen estimation required 
for neutralization 2.18 ec. of 0.1 N acid. 

0.2697 gm. of substance gave on fusion 0.0368 gm. of Mg.P2O;. 

0.5 gm. was hydrolyzed to determine the nitrogen distribution, neu- 
tralized, concentrated, and made up to 10 ce 

5 ec. of this solution required for neutralization in a Kjeldahl deter- 
mination 1.61 ce. of 0.1 N acid 


1.75 cc. of this solution gave in a Van Slyke determination 0.62 cc. of 
N gas, P 773 mm., T 24 
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Found: C = 65.28, H = 10.87, N = 1.72, P = 3.84 percent. 
NH.N 44.6 
Total N 100 


After washing the reduction tubes with hot alcohol a solid 
remained attached to the walls, which was not easily removed 
with that solvent. This material was dissolved in a mixture of 
chloroform and alcohol and filtered. After evaporation of the 
solvent, the residue was dissolved in hot absolute alcohol, filters d, 
and allowed to cool to room temperature. The precipitate, No. 
142, gave a clear colorless filtrate after hydrolysis with hydro- 
chloric acid, and this solution did not reduce Fehling’s solution 
No. 142 had the following composition. 


0.1040 gm. of substance on combustion gave 0.2472 gm. of COs, 0.0970 
gm. of HoO, and 0.0109 gm. of asl 


1 


0.1954 gm. of substance used for K je ldahl nitrogen estimation required 
for neutralization 2.28 ec. of 0.1 N acid 

0.2938 gm. of substance gave on fusion 0.0402 gm. of Mg.P.0 

0.5 gm. of substance was hydrolyzed to determine the nitrogen distri 
bution, neutralized, concentrated, and made up to 10 e 


5 ec. of this solution required for neutralization in a Kjeldahl deter- 


mination 1.07 ec. of 0.1 N acid 


2 ce. of this solution gave in a Van Slvke determination 0.87 cc {Ng 
P 754 mm T’ Zo 
Found: ¢ 66.05, H 10.62, N 1.66, P }.S7 per cent 


NH. N 80.7 
TotalN — 100 


10 gm. of No. 139 were hydrolyzed and the bases and acids 
were obtained as previously’ described. In this case, however, 
the extraction with alcohol and acetone was not repeated. 0.035 
gm. of amino nitrogen was obtained in the acetone extract, 
and from this 0.33 gm. of a gold salt was obtained which melted 


at 188°C. and analyzed as follows: 


0.1159 gm. of substance gave 0.0570 gr f Au on ignition to constant 
weight. 


Calculated for 


C.,HeON .AuCh Found 
per cent per ce t 
Se 19.17 19.18 


7Levene, P. A., and Ingvaldsen, T., J. Biol. Cher 1920, x! GG 
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The residue from the acetone extract gave a picrate which 
melted at 240-241 and had the following nitrogen content. 


0.2448 gm. of substance used for a modified Kjeldahl nitrogen estima- 


} 
‘ 


n required for neutralization 29.3 cc. of 0.1 N acid 


‘alculated for 
CsHuON CeHeOrN Found 


per ent 


N 16.86 16.76 


The fatty acids were obtained as previously described. The 
acids were once recrystallized from acetone, and then from ether. 


The substance melted at 68°-69°C. corrected) and had the 


following composition. 


0.1012 gm. of substance gave 0.2810 gm. of COs, 0.1146 gm. of H.O i 
no ash 
1.0294 gm dissolved In bet ene and methy 1 | i I et ar 
weight determination required for neutra tion 35.3 ce. of a 0.1 N NaOH 
; 
SOLUTIOI 
( if 
( Hla) T 
r 
( 79.98 10.4 
H{ 12.7 ] 67 


Molecular weight 284 29] 
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The conditions of hydrolysis employed by Thannhauser and 
Dorfmiiller were the following: 50.0 gm. of nucleic acid were 
taken up in 140.0 ec. of 25 per cent ammonia solution and boiled 
with reflux condenser for 2 hours. In the experiments herein 
reported 500.0 gm. of nucleic acid were taken up in 1,500 ce. of 
25 per cent ammonia water and heated with reflux condenser for 
30 minutes; thus the time of the action of the alkali was reduced 
to one-quarter of that employed in the original experiment of 
Thannhauser and Dorfmiiller. 

From the product of hydrolysis there were isolated in crystal- 
line form the three mononucleotides entering into the structure 
of the molecule of nucleic acid and guanylic acid thus far ob- 
tained only in an amorphous condition. 

These results were to be expected on the basis of the « xperi nce 
reported in previous publications, and they further confirm 
the conclusion regarding the structure of the mole ule of yeast 


nucleic acid expressed by the present W riter. 


EXPERIMENTAL, 


Conditions of hydroly sis were practically those of Thannhauser 
and Dorfmiiller, save for the duration of the experiment. 500.0 
gm. of nucleic acid were taken up 1n 1,500 ee. of 25 per cent am- 
monia water. The product of hydrolysis was concentrated un- 
der diminished pressure and separated into the guanylic and aden- 
vlic fractions following the directions of Jones and coworkers. 

Kach fraction was converted into its brucine salt and these were 
fractionated by crystallization out of 35 per cent aleohol and out 
of methyl alcohol. The fractionation of this material did not 
proceed as smoothly as that of the material described in previous 
publications. As a guide the analysis of the brucine salts of 
various fractions was used. But the analytical differences of 
various fractions were not so characteristic as corresponding 
fractions of brucine salts, when these were obtained from material 
hydrolyzed under conditions described in previous papers. 


3 Jones, W., and Richard, A. E., J. Biol. Chem., 1914, xvii, 71. Jones, 
W., and Germann, H. C., J. Biol. Chem., 1916, xxv, 93. 
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From the most soluble brucine salts (soluble in methyl] alcohol) 
adenylic acid was obtained. The brucine salts were converted as 
usual into the lead salts and these into free adenosinphosphoric 
acid. 


The analytical data on the substance are as follows: 


0.1002 gm. of the substance gave 0.1190 gm. of CO. and 0.0418 gm. of 
H.O 

Q.2000 gm. of the substance employed for Kjeldahl nitrogen estimation 
gave 26.93 ce ( 0.1 cid 

Calculated for I 
CioHuNsPO;4+H,O 

( 32.586 32 39 

H 1.4] 1.67 

N 19.16 18.85 


Che optical rotation of the substance was 


— (1) $4 & 100 


JD 1x? 


fhe mother liquor for the crystalline adenosinphosphorie acid 
on concentration gave a crystalline deposit resembling cytosin- 
phosphoric acid. The substance was recrystallized out of a solu- 
tion of one part Of water to three of ethyl aleohol. and analvz 3 


as follows: 


0.1096 e@7 of the substance gave 0.1360 gm. of CO. and 0.467 oe f H.O 
0.2000 gm. of the substance employed for Kjeldahl 1 tion 
required for neutralization 18.87 ec. of 0.1 N acid 
( 
CoH Ns Pt 
( 30.42 RH 
H 1.37 1.67 
N 13.00 12.8 


The rotation of the substance was 


+ 0.87 X 100 
26 . se f 
= = t435 
» 1X2 
The uridinphosphoric acid was obtained from the most insoluble 
fraction of brucine salts. The brucine salt was converted into am- 


monium salts. The sample, however, analyzed for a mixture of 
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mono- and di-basic ammonium salt. The mother liquor of t 
mssolved 


ammonium salt was transformed into a lead salt which, di 


crystals ) bne 





on boiling and on slow cooling, settled out in 


appearance of the lead salt of uridinphosphorie acid. 


he salt analyzed as follows: 


substance employed for Kjeldahl] nit 


n 5.96 ec. of 0.1 N acid 


(;uanosinphosphoric acid was obtained only in the g¢ lous 
state, and only because of the small yield the mates ho 
made to erystallize. 
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rise to many contradictory statements and widely differing 
theories. However, since the results outlined in the following 
pages have been obtained from a study of dog blood only, and 
deal with the physicochemical conditions under which the pep- 
tone, hirudin, and venom act, or which they create in the blood, 
rather than the compounds with which they react, a review of the 
literature pertaining to these substances is not given. 


Methods. 


All estimations of the reaction of the blood were made by 
means of the gas chain method, and since the procedure adopted 
has been that described by Michaelis (1) in detail, no descrip- 
tion of it will be given here. The electrode vessels used were 
the Michaelis U-tubes into which the blood was allowed to flow 
from cannulas inserted into the vessels of the animal. In the case 
of the ear veins the blood passed from an incision in the vessels 
directly into the hydrogen electrode. The readings obtained 
with these tubes were frequently supplemented by others made 
with the Hasselbalch electrode which gives slightly more nearly 
correct values when the fluids examined contain large quantities 
of CO... Very small differences, practically negligible, were found 
between the values obtained with either electrode. This is 
probably due to the small percentage of COQ, which the peptone 
blood contains, as has been shown by Salviolo (2) and by La- 
housse (3). Unless otherwise mentioned, coagulation was con- 
sidered complete when the tube containing clotted blood could 
be inverted without loss of contents. This method of estimating 
coagulation, although less exact than others, was employed 
because a minimum amount of time was required in manipulation. 
Throughout the series, dogs were used exclusively, and these 
were not fed for 24 hours preceding each experiment. 

Further description of methods employed is given in connec- 
tion with the various groups of experiments into which the paper 


is divided. 
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RESULTS AND DISCUSSION. 


' £ Expe ruements Showing Change $s in Alkal n ly Follo nq Inject on 
of Peptone. 


Previous to each experiment the reaction of normal dog blood 
was estimated in blood obtained from the vessels of the ear 
The dog was then anesthetized with ether and, during the anes- 
thesia, cannulas were inserted into the external jugular vein and 
the carotid artery. The animal was then allowed to recover 
for 1 hour in order to avoid any possible alteration in reaction of 
the blood re sulting from the anesthetic which has been shown | 
Menten and Crile (4) to cause a marked increase in acidity per- 
sisting for a period not longer than 45 minutes. On complet: 
recovery, the required amount of 9 per cent Witte’s peptone in 
0.85 per cent NaCl was run into the jugular vein from a burette 
and duplicate samples of blood were then drawn immediately 
and subsequently at varying intervals from the carotid artery. 
One sample was observed for the coagulation time and on the 
other measurements of the alkalinity were made. Following the 


injection of the peptone in quantities greater than 0.1 gm. pe 


kilo of dog, the blood rapidly develops a marked increase in 
acidity, of which the degree and the rapidity of onset are largely 
dependent upon the amount of peptone injected. The greater 


the percentage of peptone per kilo of animal, the more profound 
is the reaction and the more rapidly does a fatal acidity of the 
) 


blood develop. This is illustrated by Protocols 1 and 2 which 


are typical of the five experiments made. 


Protocol 1.—Dog weighed 5 kilos 1 hour after cessatio1 
administration 30 ec. of 9 per cent Witte’s peptone in 0.85 per cent Nat 


0.54 gm. of peptone per kilo) were injected into the external jugular ve 
Blood withdrawn from the « irotid artery shows the values given in Table | 
Normal blood clotted in 34} minutes, but all samples of peptone blood 


were uncoagulated at the end of 48 hours 

Protocol 2.—Dog weighed 4,400 gm 1 hour and 10 minutes after the 
cessation of ether administration 95 cc. of 9 per cent Witte’s peptone in 
0.85 per cent NaCl (2.11 gm. per kilo) were rapidly injected into the exter 
nal jugular vein. Samples of blood withdrawn from the carotid artery 
remained uncoagulated in the ice box at the end of a week and gave th: 


in Table I I. 





reactions recorded 

































) 


time regained its normal reaction, as is shown in Protocol 3 
Dog weighed 8,700 gr Int I 7 f 
lar r hi) ¢ t S ner cent Witte’s pept I n O.S5S t Nal v4 
gn | ere rapidly run from burette B 1 fr ( I 1 

ur I recorded in Table III 

rAl Ill 
N y 7 1) ( 7.438 7 
6 B n3 14 hr 7.46 0) 
) ; | 7.31 0.99 
11 } 3) 4.20 0.94 
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‘idity did not reach such a high value, and the blood in a short 


\ E | 
l 
Ht l 
) , ’ , 7.41 0) 
pent ectior i.o 0.42 
é > QO. 4; 
- , ‘ 
0) 
7 19 ) 
Pe 
7.16 0 7 
‘.14 0) 
7 ] t) ; 
‘id ‘ 
? os 
4 [ 
i ft? eal 7 0 49 
. ‘ , ; 7.09 0.82 


, 1) . : ‘ +} . _ 
When a smaier amount of peptone was injected, the maxinum 
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With doses of peptone less than 0.5 gm. per kilo of animal 


immediately following injection there is produced a suspension of 





coagulabi 


lant powe r of the blood 


lon 


minutes, an opservat 


5) and other workers. 


to the normal blood reac 


Of 1nco ivul ibility 


Blood taken 
f min. after peptone inject 


l 


itv parallel with which an increased acidity is devel 


oped In) the blood. The 


period of time during which the coagu- 
is suspended varies between 15 and 2 


already reported by Gley ind Pache 


At the end of this period there l Li! irn 


tion, with a loss of the acquired propert 
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In order to ascertain whi ther these changes were not primar! 


due to changes in respiration, experiments were performed in 


which, following 


severing of the 


y e spinal cord, artificial respiration 
was instituted so there could be no lack of respiratory exchange 
in the lung due to decreased oxygen tension in the alveoli. That 


the aciditv is not due to this cause is clearly indicated by Pro- 


toeol 4. Chree simular « 


xperime 
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ing the possible influence of the nervous system on the retarda- 
tion of coagulation caused by peptone, also reports no appreciable 
difference in the incoagulability obtained when this procedure 
was employed. 

In order to ascertain whether there was developed in the 
plasma a rise in the acidity coincident with that occurring in the 
blood, a number of experiments were performed in which readings 
were made on both fluids. In the five experiments made the 
changes in the reaction of the plasma were also found to be 


marked as 1s shown in Protocol D. 


rABLE \ 
Ht Pl ~ in 

Ne rmal bl dir l ear vesse! 7.48 0.50 S.15 U.U 
2 min. following peptone inje« 7.43 0.37 8.03 0.09 

t 7.40 0.40 7.96 0.11 
S rany 0.45 7.92 0.12 
2 4.2 0.48 7.89 0.13 
15 1. 0 53 4.82 0.14 
19 ee 0 61 4.84 0) ) 
23 2.16 0.71 7.79 0.16 
JS 7.09 0 S? 4.49 0.18 
0 7.16 0.70 ripe’ 9 0.24 

Protocol 5.—3 hours after the cessation of ether administration, there 
was injected into the external jugular of a dog weighing 8,500 gm. 40.7 c¢ 
of Witte’s peptone in 0.85 per cent NaCl (0.42 gm. per kilo Measure 


ments of the blood and plasma gave values which are typical of the five 
cases (Table V 

24 hours later, none of these samples was coagulated exe ept the last in 
which small shreds of clot were beginning to form about the surface of the 


test-tube 


The experiments made with Witte’s peptone demonstrate that 
coincident with the retardation or inhibition of coagulation, 
there is a marked increase in the acidity of the blood and of the 

; 


peptone injected and the degree of incoagulability produced. 


plasma, and that this increase is proportional to the amount « 


These results on the change in acidity are in harmony with those 


> 


reported by Salviolo (2) and by Lahousse (3), both of whom 
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found by titration an increased acidity with a decreased CO, 
tension in the blood. Their observations were confirmed by the 
later publications of Athanasin and Carvallo (7) on this subject 


1 


and are in direct opposition to those reported by Dastre an 
Floresco 3). 


Il. Expe rive nts on Changes n Blood Reaction Caused by In PC. 


tions of Pe ptone Subseque nt to the Removal of the L 


That the liver plays an important réle in the production of 
incoagulability with peptone has been shown by numerous 
observers. Contejean (9), Gley (10), Gley and Pachor 1] 
Delezenne (12), and Nolf (13) have demonstrated that removal 
of this organ from the circulation previous to injection of peptone 
solution pre vents the development of incoagulability Ol the blood. 
With a view to determining whether the increased acidity which 
peptone develops with the liver intact could be duplicated In 
the animal from which the liver was removed, a number of experi- 
ments were performed. It is very difficult to remove the entire 
liver ‘“‘en bloe”’ in a dog without occluding the vena cava. On 
this account each lobe was tied off separately as close as possibl 
to the hilum of the liver with a wide tape. With even a con- 
siderable amount of the liver in situ with such doses as 0.35 gm 
per kilo of animal, incoagulability does not occur and very littl 
change in the blood is demonstrable; with doses as high as VU. 
gm. per kilo of ariimal a transient incoagulability may be pro- 
duced with a simultaneous slight increase in acidity, which per- 
sists for a few minutes only. Injections were made in eleven 
animals from which the livers had been removed, and the results 


were as indicated in Protocol 6. 


Protocol 6.—Dog weighed 7 kilos. During ether anesthesia, the lobes of 


the liver were tied off and cannulas were inserted in the external jugular 
vein and carotid artery. After the animal was allowed to recover from the 
anesthetic for 1} hours, 42 ec. of 9 per cent Witte’s peptone in 0.85 per 
cent NaCl (0.54 gm. per kilo) were injected into the jugular vein (Table VI 


The specimens in Table VI were kept fluid by the addition of 
hirudin which Michaelis (1) and subsequently others have shown 
to have no influence on the reaction of the whole blood. 
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The effect which is produced when small amounts of liver sub- 
stance have been left in the animal after ligation of the lobes is 
illustrated by the values of the blood reaction obtained in a dog 
weighing 6,300 gm. which was given in a similar manner 0.60 gm. 
per kilo of a 9 per cent peptone solution in normal saline solution, 


13 hours after removal of the liver Table VII 


rABLE VI 
( 
Normal bl 1 fy ein { 7 4 ) 
il rit 
eT } 4.4] ) 
t) I Tt ~ { 
s 7 7 t) 
] t 
Lm 
i 
i.) ‘ . 
19 ) 7.30 050 
25, 5 7 ) 0.45 
8) a) 7 ) Q 45 
rABI VII 
| 
Nol er remoy 1S ( 
1() 
' im 
16 ’ (0) 
") f) 
‘) = 
\ I ( 9 1() 
In animals in which the liver had been removed for a period of 
; — ; . te - sas 
more than 2 hours, an increased acidity developed with i 
: ; — — . ; 
corresponding retardation of coagulation. Protocol 7 1s typical 
: Rag 
of this condition. 
ij After t r ha en r 1 for ) 
weig ¢ § |} 0 ( er ( ept il 
' O56 rea r | \ ) | tr + 
\ . mn VITI 
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It IS possil le that this phenom non 1s to be explains | y the 


fact, first suggested by Contejean (6), that, while the greater part 
of the substance with which the peptone forms a direct combina- 
tion is elaborated by the liver, other organs also produce this 
substance to a lesser degree When the period of time following 
the extirpation of the liver is prolonged, an accumulation of this 


' ' , 1 . 
material ean take place In These organs, or in the circulating fluid 


In quantities sufficient to g1ve m peptone myection a ! CTIOT 
Approximating that obtained when the liver is in 
II] 
‘ ‘a 
\ ) 40) 
‘ 
rel | ) 
7 I é 10 7 | OY 7 
1 71 
10 () 0.71 
LS () ) 
19 ] on 77 
é é 
7 ao —_ 
wt ) é 
’b } ) &] 
5) “7 


\s has already been mentioned, the fact that peptone owes its 


anticoagulant property primarily to the influence of the liver has 
been established by many Investigators. By the interactio! 

wo substances, one contained in the peptone and the other oecur- 
ring in the liver, there is formed apparently a third compound 
which is the effective agent in the immediate production of 
incoagulability. None of these three compounds has yet beer 
isolated, but their physiological properties have to some extent 


been studied, and especially that of the third in its relation to 


the prevention of coagulation extravascularly. The study under- 
taken by the writer was to investigate whether the interaction 
which takes place in the liver between the two substances men- 
tioned would suffice to explain the reduction of alkalinity which 


accompanies the loss of coagulation, or whether the second 
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phase which is more directly concerned with the coagulati 


process 11s lf was responsible for the chan 


lhe first s ep was to obtain by means of the peptone perfusio 


through the liver a fluid which, when added to shed blood, 


tarded or prevented coagulation. The hydrogen ion conce1 
tion of the fluid was then measured ihe perfusion experi 
we rmed on the liver zn se U1 
was sthetized and all vessels ce ith t! 
tery (or portal vein) and the descendit 
e ligated. T! ring 
! ? ( l¢ every \\ } - 
gain from the inferior 

, oug vhich it was k 
SVSTOCI oOo! Ives regulated by 
was kept at a temperature of 38° 
Although attempts were made to maintain by means of a1 


tric pad a normal body temperature in the animal, it rapidly los 
heat Solutions of 9 per cent Witte’s peptone in O.S5S per cent 
NaCl with and without previously washing out the liver with 
‘Tyrode's, or normal saline, solution to render the organ blood-free 
were used through a series of experiments. Oxygenation of 
the peptone Was secured by passing a contimuous stream OI Oxy- 
gen through the fluid in the apparatus. 

When the quantity of fluid perfused was large it was not pos- 
sible to demonstrate that the perfusion fluid had acquired any 
anticoagulant properties during its passage through the liver. 
When added in concentrations as great as five parts of fluid to one 
of blood, there was no appreciable retardation of clotting. Fur- 
ther, no uniform results concerning changes in alkalinity wer 


obtained in the five experiments made although the time during 


which the peptone was perfused varied from a few minutes to an 
hour 

Since the continuous perfusion of large amounts of peptone 
solutions (from 500 to 2,000 ce.) through the liver was unsutcess- 
ful in giving a fluid capable of diminishing the coagulation time, 
the expedient of passing small quantities of fluid separately 


through the liver and testing each for its anticoagulant power 


For the perfusion apparatus used I am indebted to Mr. Siegfried 


Maurer, who also very kindly helped me with the perfusion exper 








U0 


peptone were then injected into the portal veln, and ter pass 


IX. 


through the liver various fractions gave the reactions recorded in Table 


That the increased acidity coincident with the production of 
peptone incoagulability is not occasioned by that part of the 


process taking place in the liver is apparent from the figures 1 


Table IX. One is, therefore, forced to conclude that this 


y 
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of the phenomenon is intimately associated with those factors 
immediately concerned in coagulation. Control peptone perfu- 
sion experiments on kidney and spleen did not in any case result 


in the production of fluids possessing anticoagulant properti S. 


I | Ex pe ments O the Ri lation of the H jdroge n Ion (_ontent ar 


H rad ? n the Sus pe N70 of Coaqulat on. 


The fact that the addition of hirudin to freshly shed blood in 
quantities sufhicient to delay coagulation causes no appreciable 
change in the hydrogen ion content was first noted by Michaelis 

1). Indeed, hirudin may be added in very considerable quan- 
tities to blood without any apparent influence on its reaction. 
Th question, therefore, arose as to whether Injection of this 


substance into the circulation would produce alterations in the 


\} X 

Normal blood from ear vein 7.50 0.32 
3 min. after injection of hirudin 7.41 0.39 
6 7.45 0.3 
Q 7.45 0.36 
14 4.4 0.35 
19 7.43 0.37 
24 ¢.40 0 

2! 7.43 0.37 
a3 1.4 QM 2 


1 


alkalinity of the blood similar in character to those obtained 
when peptone is injected, or would simulate those changes pro- 
duced on inhibition of coagulation with hirudin in vitro. 

Five experiments performed gave uniform results of which 
Protocol 10 is typical. 


Protocol 10.—During ether anesthesia cannulas were placed in the exter- 
nal jugular vein and carotid artery of a dog weighing 5 kilos. 1 hour 
after the cessation of the ether administration, 200 mg. of hirudin in 50 


ec. of 0.85 per cent NaCl were run into the jugular vein from a burette 


Blood withdrawn from the carotid artery gave the reactions shown in 


Table X Duplicate samples of blood remained unclotted at the end of 
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Measurements recorded in Table X show quite definitely that 
there is little increase in the acidity corresponding to the 1nco- 
agulability which develops. Further, the small diverg 
value of the reaction of the blood rendered incoagulat 
hirudin from that of normal blood indicates the identity of he 

o and 7n fro action of this substance in the ret Lat n ol 
oagulation. 

Since inhibition of coagulation with hirudin may occu 
ittle change in the reaction of the blood, it may be questioned 


vhether changes in the ionic concentration are a factor of 


great significance in modifving the process. To test the possib 
influence of the hydrogen and hydroxy ion concentration o1 


ort 


icoagulant action of hirudin equal amounts of Sorensen phos 
phate and acetate mixtures of known aciditv and containing 
tities of hirudin were added to shed blood, and 
variations in the coagulation time noted. The results of these 
experiments are given in Tables XI and XII. 

The amount of hirudin specified at the beginning ot 
column denoting coagulation time represents the quantity of 
hirudin contained in the 10 ec. of blood mixture. 

The marked influence of increased alkalinity In enhancing, 
and increased acidity in lessening, the action of hirudin in de- 
laying coagulation is revealed by the values recorded in these 
two tables. Further, that other tons besides the hydrogen and 
hydroxy are of considerable importance in modifying the reac- 
tion is evidenced by a comparison of the coagulation time ob- 
tained when the acetate and phosphate mixtures used are of the 


sane hydrogen lon concentration. 
| , Dy pet ments o7 R tardat on of Coaqulat oO? hy (Cohra | 


The first two of these experiments, outlined below, gave nega- 
tive results because a quantity of venom insufficient to retard 
coagulation appreciably was used. In the first of these, a dog 


weighing 8,800 gm. received 2 cc. intravenously and 5 ce. sub- 
3 ] 


cutaneously of a 0.1 per cent solution in 0.85 per cent NaCl 


‘ For the cobra venom used in the five experiments made, I am indebted 


Pre Preston lhe : tl Laboratory, who most kindly sup) 
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The animal survived the injection 14 hours, but at no time was 
there any change in the coagulation time of the blood which 
also remained normal in reaction until a few minutes previous to 
death when the acidity became markedly increased. Similar 
results were obtained in a second dog weighing 4,400 gm. that 
received an injection of 2 cc. of 0.1 per cent venom in 0.85 per 
cent NaCl in the saphenous vein, and lived for 2 hours 

In the three experiments giving positive results, 10 ce. of 0.1 
per cent venom in normal saline solution were injected. Each 


of these animals weighed between 5 and 6 kilos 


( B We 
rl 
B 1 ndrawn bet é 
sia commenced 3 min., 20 sec 7.40 0.40 
3 min. following venom injeection.!| Not coagulated at 7.41 0.39 
end of 36 hrs 
_ a , . Not coagulated at | 7.38 0.42 
end of 36 hrs. 
6 » hrs 4.40 0.45 
Ss ” = “i ‘ | ee 7.30 0.50 
10 ° . se Jetween 5 and 18 hrs 4.00 0.57 
1 « ‘ ‘6 és 5“ 42 7 OF 0.57 
| aie 5 sig " 5 hrs. 25 min 7.22 0.6] 
16 2 10 7.16 0.70 
1S 1 hi Ss 7.08 0.84 
1) ) 7.01 09S 
22 Immediate] 6.93 118 
23 
Dog dying 
As essentially the same results were obtained with the three 


animals, only one protocol is reported in detail 


Protocol 11.—Cannulas were inserted in the external jugular vein and the 
carotid artery of a fox terrier, weighing 3,500 gm., under ether anesthesia 
The animal was allowed to recover from the anesthetic for 1 hour when 


10 ec. of 0.1 per cent cobra venom were run into the jugular vein from a 


burette The coagulation time and reaction of the blood drawn from the 
carotid immediately after and at varying intervals subsequent to thi 


injection were as shown in Table XIII 
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ihe blood withdrawn at 18, 20, 22, and 23 minutes after the 
venom injection had a very dark appearance, and this was espe- 
cially marked in the blood sample with the most acid reaction 

The inimical influence of increased acidity of thi blood on 
inhibition of clotting by the use of cobra venom intravascular 
seems to be established by the above results. As the amount of 
cobra venom necessary to inhibit extravascular clotting is con 
paratively large, a limited supply of the venom precluded a1 
experiments on the relation between acidity and incoagulal 


veloping 0 


VI. CONCLUSION. 
Krom the work outlined in the preceding pages it is 

that the réles which peptone on the one hand and hirudin and 
cobra venom on the other play in the prevention of retardation 
of clotting are of a very different character. With the produc- 
tion of incoagulability by peptone there occurs a marked increase 
in the acidity of the blood, a condition under which the other 
two substances lose completely or in la 


lant power. 
SUMMARY. 


|. Coimeident with the incoagulability of the blood produced 
by intravenous injec tions of Witte’s peptone, there is a marked 
increase in the acidity of the blood and of the plasma. 

2. When Witte’s peptone 1s injected into the circulation sub- 
sequent to extirpation of the liver, extravascular clotting is not 
retarded, and the blood shows little change in acidity. 

3. Witte’s peptone which has acquired anticoagulant proper- 
ties after perfusion through the liver shows only a slight increase 
in acidity. 

t. The retardation of coagulation resulting from intravenous 
injection of hirudin is accompanied by little or no change in the 
acidity of the blood. 

5. Increase of acidity of the blood lessens and increase of 

f ] 


alkalinity enhances the property of hirudin in delaying clotting 
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PRODUCTION DURING THE ACETONE AND BUTYL 
ALCOHOL FERMENTATION OF STARCH. 


By HORACE B. SPEAKMAN 


Zymology, T ( 


. . 
il ) lung nvestig OT t! oOauUuclh O 
1 | | . ] ] ] ] | ] " 
tcCOnO!L trom aren, ad ied § ay has peen made ¢ 
’ 1 } 1 
hanges in the composition Of the gas proaquceda auring I ( 
] l } 

nentation period. An attempt has also been made to coordina 


the results from this and an earlier portion of the research 
and to make a contribution to our knowledge of the biochemical! 
mechanism of the ferm« ntatir nas a whole. 


Various observations regarding the composition of the gas 


formed during the production of butyl aleohol, alone or with 
1 
| 


acetone, have been recorded in the literature. Beijerin k (2 
his exhaustive Ss udy ol Bat 3 b il jl CUS Granulobacter b Lilie 
cum) observed that He and COs are given off during the ferme1 


the gases were about 1 of COs. to 4 of He. During the time « 


| pid cell division and butyl aleohol production the relation « 
the gases was 1 of CO. to 1 of He. In some cases the percentag 
olume of H. in the gas was further reduced In the so called 


‘after-fermentation” the percentage volume of Hz in the gas was 
‘] 


ound to increase. The organism investigated by Perdrix (3 


ind named by him “ Bacille amylozyme,’’ was found to produce 


diminishing amount of He. as the fermentation proceeded. It 
interest to observe that this organism also produce S acetic acid 


and N butyric acid, the former in larger amounts at the beginning 
of the fermentation. 
m of starch by the Weizmann 


organism Gill (4) stated that: “ During the fermentation a mix- 


In his address on the fermentati 


ture of approximately equal volumes of He and COs, is evolved,” 
| also, that: ‘When the fermentation begins, gas consist 


1()] 
ti 
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approximately equal volumes of CO, and He is evolved.” In 
their observations regarding the same fermentation Reilly and 
his collaborators (5) state that during the first half of the fer- 
mentation period the composition of the gas evolved changes, 
owing to a gradual increase in the COs» percentage. During the 
second half the composition remains constant and they attribute 
the « ] 


arlier changes to the greater solubility of CO in the medium 


Vethod. 


Ch rates OL Various biochemical reactions Of the termentatiol 


Ban ] ] 
i 


have previously been observed and correlated, and in order 


coordinate the changes in the composition of the gas with thes 


reactions it is necessary to study the changes in relation to one 
of them. The rate of total gas production was arbitrarily chosen 


[It was then possible to correlate the observations with the forma- 
tion of the acid and neutral products of the fermentation. 

The rate of gas production was measured by means of the 
apparatus shown in Fig. 1. This can be assembled from the 
ordinary equipment of the laboratory and might be of value for 
class purposes owing to its cheapness and adaptability. The gas 
given off passes into the large test-tube through A and out again 
through B. The latter tube is drawn out to a capillary and in 
this way the flow of gas is restricted. The slight pressure created 
in the fermentation vessel is measured by means of the mano- 
meter in terms of a column of water. A trial fermentation is 
necessary in order to adjust the instrument. At the point of 
maximum gas production the capillary tip is carefully filed until 
a fairly large pressure 1s recorded on the manometer; e.g., 8 inches. 
The rate of gas flow is proportional to the square root of the 
pressure, and comparative measurements are obtained which ari 
sufficiently accurate for the purpose. If quantitative figures are 
required the instrument ean be calibrated by placing it in series 
with a reliable experimental gas meter and a supply of gas. 

Samples of gas were collected at regular intervals over mercury 
in the apparatus described by Harden, Thompson, and Young (6 
During the early hours of the fermentation the Oc, from the au 
still present in the vessel, was absorbed by phosphorus. Through- 


out the fermentation the COs. was absorbed by fresh KOH solu- 


tion, and the H» was measured bv difference 
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Che majority ot the data collec ted w is Obtained trom termen- 


tations of 20 liters of mash containing 5 per cent maize meal 
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ratus as a whole is drawn to scale. 


i. 


They were conducted In Sultabpiv constructed coppel vessels 


which were sterilized in a large autoclave. During the fermen- 
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tation the vessel was placed in an incubator at 36°C., ar 


short tube passing through the door connected with the as 


EXPERIMENTAL. 


Series I. 


Keach xpermment uu the St ries was essentially ti san 
i , : 
reread only in that a particular section of the ter I 
riod was under close observation. By standardizing th 
ns as far as possible, a series of fermentations was obitair 
h differed only shghtlyv in rapidity and total gas pr 
4 , I} 14 Ld one ] . racl Toalh,] | 
lO he resuits Oobtammed are summarized In iable il 
sented by curves in Fig. 2. The letters given to 1 
of Table I and to the curves in Fig. 2 correspond. The vari 


eroups of figures for different periods overlap considerably, 


; 17 


om them 1 has been possible to construct a tvpical curve tor 


the entire fermentation period. 


Series IT. 


In connection with the observations on the early hours of thi 
fermentation it was thought desirable, in view of their theoretical 
significance and the conclusions of other investigators regarding 
them, to discover if possible whether the gas actually produced 
during this period was in reality so rich in Hy. There appeared 
to be a slight possibility that, owing to the gradual saturation of 
the medium with COs, the gas evolved was not representative 
of the gas being produced. 

A smaller volume of mash, 400 ec., was inoculated and allowed 
to ferment for 5 hours. The gas given off was collected over 
mercury. The gas in solution at the end of this period was 
expelled by heat and also collected. The gas produced during 
the 5 hours was found to contain 74 per cent of He. Owing to 
the larger percentage of culture added to the mash this fermen- 
tation was more rapid than those of Series I. 

It is considered justifiable therefore to conclude that, as the 





figures and curves suggest, the gas produced at the immediate 
commencement of the fermentation is pure Hy. The percentage 


in the gas immediately begins to fall, due to the production with 
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of 24.000 gal- 
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increasing rapidity of COs. 
composition of the gas produced at the start of the fermentation 
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2) does not speak of the 


Beijerinck 





hut of the total gas produced during the early hours of the fer- 
tT —— 10 
} | 
} \ 4 1 
| 
i 
| 
} % Q 
' 
| 
) 
1. 
| wl | 
~s ~4 
| . \ 
wr p \ +—% + - 4 
c ran 
c : 7 
L . \ | 
- j a '] 
: " IN. ™ } I, 
a Q I f a 
\ 
| \ A 
| oO 
i 
| | 
ae 
| | 
| ~*~ } 
] > 
od | 
+ > Dy % —{42 
4 
P | ¥ * 
C » J 
ae + 
ra 4 i 4 ee 
A | i 
” = | | a 
° S§ ”9 
rs er bb 
Fic. 2 


mentation, 


His observations could be made only at intervals of 





several hours owing to the fact that he 


fermentations of small volumes of wort. 


was working with slower 
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Further points of interest in the results obtained are as follows: 


After a yy riod of about 5 hours the percentage oT H il t he gras 


falls more rapidly during several hours, while during this time thi 
rate of gas production is increasing. These changes are appar- 
ently brought about by the start or acceleration of some reactior 
which COs is produced As we approach the period duri g 
uch the acidity of the medium is at the maximum t] con 
position of the gas does not change so rapidly. Furthermor 
has been observed on numerous occasions that when, at the point 


of maximum acidity of the mash, the rate of gas production 


diminishes temporarily, the percentage of H». contained in the 
same remains constant or slightly increases. Attention is called 
to Section C of the curves in Fig. 2 which show clearly how on 
two occasions during the same fermentatior these changes 
occurred. They are an indication of the comple xity of the gas- 


producing system. 


When the rate of gas production is once more increasing rapidly 
the percentage of He in the gas falls at a uniform rate. Later, 
when the rates of production of acetone and butvl alcohol begin 


to diminish, and the rate of gas production is approaching its 


maximum, the amount of He in the gas rises during 4 to 6 hours 
Tron o> TO ner cent To +e TO {) er cent OWATAS The CLOSt 
I ili } l I Hit. iq 
| + + | ] + > ] + 
ot the termentation when gas production 1S talline rapidly O 
+} 1] 
eTo ( perce ive O H 1! tre VAS TALIS Once mm ] 
’ : 
mpea na Ist pre LOuUS TO ne end oj} he tTerment As 
ontains DProNhnacely > Del ent 
Si ITI 
\ } ’ f . r+ } . ] { , ] . roar 
A Tuli 2 experiments nave been perrormed ] 0 { 
aeterm. he volume and composition of the tota gas prod 
iuring the fermentation oO! a known weight Or maize me \ 


small volume of mash of known concentration was inoculated 
and allowed to ferment to compl tion in a water bath maintained 
at 36°C. The gas produced was collected and analyzed. It has 
been found that from 1 gm. of meal approximately 350 ec. of gas 
are produced, and that the gas is composed of 47.5 parts of Hz» 
and 52.5 parts of CO. by volume. 
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The results from this investigation are in close agreement with 
those of Beijerinck for Bacillus butyl CUS: they differ in several 
important points from those of Gill (4) and Reilly and his col- 
laborators (5) whose observations, as in the case of the writer’s, 


were made on fermentations by the Weizmann organism 


Thi B ve} ry of Acetone and B hil | coho P 


With the assistance of these results and thos contained 


an earlier communication (1) we shall now discuss briefly the 
biochemistry of the fermentation Reill and ot! = (5) J 
recently presented in greater detail t! view that eto! 
formed trom acetic acid. They consider that this 1s broug 
about by a condensation of the acid molecule with the pro 
tion also of COs and H.O. It is shown that such a re 

theo possible from the chemi ui StAaAnNapol ind 

cordal with certain experimental observations which | 
been made, Che principal experimental ( viden¢ pon = \ l 


this theory 1s based, namely the increase in the vield of ac 
when acetic acid is added to the mash, when considered with 
observations made in this laboratory of the influence or 
fermentation exerted DY acids of the same series, requires 

ver, a different Interpretation. Furthermore thi results 


different investigators have shown that the production of eas, 


H. and COs, and the formation of acetone and butyl alcohol ar 
intimately conné cted, and cannot be consi red is entr 

separate portions of the biochemical mechanism Tr} ilcohols 
have been shown to be formed by the reduction of the correspond- 


ing acids, possibly by the addition of H,. derived from some 
closels issoclated reaction. These facts yppear to suggest that 
the formation of He is closely connected with the production of 
on It is felt that the scheme suggested by Reilly is weak- 
ened by the fact that acetone and butyl alcohol production have 
been considered apart from gas production, and as a result the 
source of Hs has been relegated to some unknown associated 
reaction 
Newman (7) has recently brought forward a biochemical 
mechanism for the fermentation. He considers the first reaction 
to be the production of butyric acid from glucose in accordance 


with t hie follow l! 


g equation. 
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Cat C.H;, COOH »H 2c) 
icid is then formed | the further OX1C 
C.;H;. COOH + O CH;CHOH.CH,.CO¢ 
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ormed he oxidation of butyri 
s reductlor 
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start of butyl aleohol production (1). The gas given off at the 
commencement is pure He, but immediately a gradual and increas- 
ing dilution by COs: occurs in the gas being produced. From this 
evidence we conclude that acetone is formed by the oxidation of 


butyric acid in accordance with the following equations 


(3 2 C;H7;.COOH + O 2 CH;.CO.CH,.COOH + 2H 
N butyric Acetoacetic 
acid acid 
j CH;.CO.CH.2.COOH CH,..CO.CH. + CO 


\cetoacetic Acetone 
cid 


Acetoacetic acid has not been identified in this laboratory, but 
owing to the nature of the biochemical system this failu 
isolate one of several intermediate compounds does not rule out 
our interpretation of other experimental evidence. It is of inter- 
est to observe also that Raistrick and Clark (8) have recently 
stated that from unpublished results they conclude that aceto- 
acetic acid is an intermediate compound in this fermentation. 
Attention also is called to the work of Witzemann (11) who has 
obtained acetone as a result of the 8-oxidation of butyric acid | 
means of HeQn. 


Che formation of butvl alcohol, and to a much smaller degree 


eo l al = | ] +} 

of ethvl aleohol, takes place by the reduction of the correspond- 
: } ] ss. “ft e317 4 

Ing acid, ll vecordance With the TolowmMg equations 


) C;H;.COOH + 2 H CH;.CH,.CH2..CH.OH + H,O 
CH;.COOH + 2 H CH;.CH,OH + H,O 


Apparel! his reduction is not brough it h } 
} } } ; 
of specific enzymes, owing to the fact that when propiont 
oo ee, ae ay 3 a ee eee re en 
is added TO l@ mash 11S partlauy reaucea TO propyi alcono i 
] , | ey . 
necessary also to account for the following experimental 


ta a) the disappearance of a large? arngount of acetic acid than 
ean be aceounted for by the amount of ethyl alcohol produced 


{fF 


during the fermentation; (b) the volume of H. and CO, civen off 
which eannot be accounted for by the activity of reactions pre- 
viously mentioned in this scheme; and (c) the consumption of |O, 


made available by the production of butyric acid which is not 


further oxidized to acetone, but reduced to the aleohol. These 
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THE EFFECT OF WHOLE BLOOD TRANSFUSION 


THE CHOLESTEROL CONTENT OF HUMAN 
SERUM IN PERNICIOUS ANEMIA. 


By H 
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hemolytic property oT Tree cholesterol tl ereby derives for 
close relation to the study of pernicious anemia, in which d 
the marked reduction of erythrocytes and hemoglobi 
unknown etiology. 
With the lowering red blood cell count | tl 
globin in pernicious anemia, It has been demons 
holes sO lower than normal l} 
eases of 1 nicious anemia Csonka (9) found that 
content o I lo vas lower than that of a norn l 
Bloo 10) reported welve cases of pernicious 
I stere ! rom 140 to 173 mg ! 
mg. per LOO « ( Is Like figures are re 
1] O » foul iverage of 156 mg. per 100 
xv s of this dis S 
| ehoies ol co ent ot ti ervthroevtes - 
vir entirely in e free form (12), there being li ( 
sterol ester present. Since this free cholesterol as stat 
2 ind not cholesterol ester, has been shown to possess the anti 
: lytic property, its presence in the corpuscles, as such, ay 


constitutes an immediate and appropriate mechanism of 
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of the total cholesterol as free cholesterol (13). This free choles- 
terol is probably taken up by the corpuscles through the activity 
of their cholesterase (14 

It would seem desirable to determine the variation in the free 
cholesterol but since a normal relation is maintained in the 
plasma in pernicious anemia between the free and cholesterol] 
ester (10), variations in the total cholesterol would indicate varia- 
tions in the free form. 

Because of the variation below normal of this antihemolvyti« 
substance in the blood of patients suffering from pernicious 
anemia, it was of particular interest to note the effect of t] 
addition to the serum of the patient of a quantity of blood, the 
serum of which contained a much greater amount of cholesterol 
Denis (11) has stated that in three cases markedly improved by) 
blood transfusion the cholesterol content of the blood was not 
proportionately increased. 

Through the courtesy of Dr. G. C. Weil of Mercy Hospital, a 
series of cases presenting the cardinal symptoms and signs of 
pernicious anemia was available for study. The blood pictures 
of these cases were those of pernicious anemia of severe grade 
with the typical alteration in the appearance of the erythrocytes, 
as well as the diminution of their number and corresponding 
reduction of hemoglobin percentage. 

Blood was transfused directly by a modified Unger method. 
Blood from the recipient and donor was obtained immediat« 1\ 


before, and from the re cipient from 3 to 5 minutes aiter, trans- 


fusion. 

The results of the analyses of the sera from these spe imens 
of blood, using the method of Bloor (15) compared with the 
hemoglobin estimations and erythrocyte counts are shown in 
Table I. 

In all these cases there is shown an increase in the total cho- 
lesterol content of the serum of the recipient following the trans- 
fusion. ‘This increase varied from 5 to 34 mg. averaging 18 mg. 
per 100 cc. of serum. That the increase is only a temporary one 
is shown by the return of the cholesterol figure to approximately 
that immediately preceding the transfusion. The variability of 
the increase is probably dependent upon the degree of admixture 


of the blood of the donor with that of the recipient, and upon tl 
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rABLE I—Concluded. 
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length of time which elapses before the sample of blood followi 
the transfusion is taken for analysis from the vein of the recipi 
into which the blood has been infused. 

In the first five cases which showed distinct 
ment following repeated transfusion, the cholesterol conte 
the serum was not progresively increased. On the other | 
those cases having a fatal termination the cholesterol conte 
not proportionately lowered and at times not at al 

In Case 4, the first series of isolated analvses, wher ( 
specimens were taken before transfusion, a progressive incr 
is seen in the cholesterol content of the serum, paralleling a 
tinct Improve ment in the elinical condition of the patient and 
marked increase in the red blood cell count and hemoglo 
percentage. This single instance of a relative increase in 
cholesterol content of the serum with distinct clini impr 
ment and marked increase in ervthror vtes and he moglobin, I 
have occurred at a time when the patient was enjoying a ret 
sion in the course of the disease. This improvement w 
tinued, but a lapse of treatment for approximately 2 mor 
during this period brought about considerable turn for 
worse in the blood picture, with a return of the cholesterol 
previous low figure. This would seem to indicate t] there 
close re lation hbetweer the cholesterol content ol the sé rul 
the erythrocyte content and hemoglobin _ percentage Tl 
relation is further borne out by a study of the other s wl 
shows tha in il] but Cases ] and a. the cholest rol « ontent he 
some relation to the blood picture in holding to a constat 
level with the continued depression of the red blood 
and the he moglobin perce ntage. 

It is interesting to note that in Cases 1 and 2, with a ma 
Improvement in the blood picture and clinical condition, and 
Case 4, with continued clinical improvement and practi 
constant blood picture, the cholesterol content is even slight] 
lower, indicating perhaps an increased utilization of this s 
stance against the TOXIC elem¢ its Causing hemolysis I tl 


disease. 
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CONCLUSIONS. 


does not 


transfusion 


the 


W hole blood 


total cholesterol content of serum in perniciou 





appreciably 
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1 in the serum of th 
recipient, following transfusion of whole blood, is dependent upo 
the degree of admixture of the blood from the donor with that o 
the recipient and upon the time whi h has elapst d aitel the trans 
fusion, when the specimen of blood from the recipient ts « d 

3. The cholesterol content of the serum varies relatively with 
he degree of anemia and the hemoglobin percentage of the blood 
t. The cholesterol level in the serum of patients with pernicious 
nema lay be i ind xX O l it10n iWAlns h mo 
sul neces present in the body s diseast Phe 1 
depression of cholesterol in the more severe cas 
increased demand for the neutralization of these toxic substances 
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USE OF SYNTHETIC DIETS IN THE GROWTH OF 
BABY CHICKS.” 


A STUDY OF LEG WEAKNESS IN CHICKENS. 


By E. B. HART, J. G. HALPIN, ano H. STEENBO‘! 


In the rearing of baby chicks in confinement a difficulty serious 
and obscure in its etiology is the one characterized by poultrymer 
as “leg weakness.”’ This trouble usually develops in 4 to 6 


1 


weeks after hatching, but we have seen it show itself 4 to 6 weeks 


= : 
ate) Che principal symptoms shown by the bird are first 

unsteady gait, ce veloping into difficulty of locomotion wi ha 
ndeney to remaim squatted a good part of the time: a pro- 


ounced ruffled condition of the feathers; an anemic condition o 


the wattles and comb; and a swelling of the leg joints, whi 

1 ° 4] 
sometimes permanent. A loss of appetite accompanies thes 
conditions and usually death follows suddenly. Postmortem 


examination has not revealed any pronounced and characteristic 
changes. With some individuals there is compaction of the feces 
in the cecum, while with the others the cecum content is fluid 
and Passy. These latter observations may be related to the 
postmortem time of examination. With some individuals the 
liver Was found abnormal in color, being pale yellow, but this 
condition was not found in all birds suffering from leg weakness 
and should not be considered an invariable occurrence. 
Poultrymen have explained leg weakness as due to lack of 


exercise, overfeeding, or absence of green feed, and their remedy 


* 
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has been to feed light, provide a suitable scratch, and if possible 
feed some green feed. These practices will generally lead to an 
eradication of this trouble, but just which factor is the primary 
one in effecting a cure has not been clearly defined. 

Drummond! experienced trouble in the use of the baby chick 
as an experimental animal in confinement. He believed that 
they could not be reared under such conditions, or at least eCX- 
pressed the view that there were very special conditions neces- 
sary for such rearing and not understood at the time when he 
wrote. Funk? was also familiar with the difficulties experienced 
in rearing baby chicks at all seasons of the year and under labora- 
tory conditions. Osborne and Mendel, in attempts to use the 
chicken as an experimental laboratory animal, experience d 
similar difficulties with leg weakness. They succeeded, however, 
in rearing a number of chickens taken either at hatching time or 
at 3 weeks of age on a ration of natural materials, but which was 
fortified with a plentiful supply of roughage in the form of paper 
pulp. The rations were varied, but corn gluten, cotton-seed 
flour, soy bean flour, casein, protein-free milk, butter fat, starch, 
lard, and ferric citrate entered into the diet. 

This observation, involving the recognition of the very oreat 
Importance of a roughage factor in the diet of baby chicks, con- 
firms our own experience in work with this animal under con- 
finement and we believe may be taken as directly responsible 
for the prev ntion of leg weakness In chickens. We have worked 
with a variety of roughages, some of which were potent as pro- 
tectives while others were not. Suspicion that this trouble in 
chickens might be scurvy led us to use orange Juice In a num 
of cases as a curative, but the results were too varied and too 
dist ctly negative to warrant the idea of a similarity in etiology 
between leg weakness and scurvy. The entire trend of our work 
is in confirmation of the observations of Osborne and Mende! 
that leg weakness is related to overfeeding, with a low amount 
of indigestible ballast in the ration and not to a lack of green 


feeds, exercise, outdoor air, or excessive feeding directly. { - 


7 
i 


doubtedly the latter is effective in hastening the development o 


1 Drummond, J. C., Biochem. J., 1916, x, 77 
Funk, C., J. Biol. Chem., 1916, xxv 
Osborne, T. B., and Mendel, L. B., J. B Chem., 1918, xxxiil, 433 
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leg weakness, because in the presence of plenty of roughag 
excessive feeding cannot take place. Possibly green feeds with 
their abundant supply of vitamines and some roughage are an 
unconscious cure of a sluggish intestine, but the same results can 


1 1 ° 1 1 


be obtained with an inert ballast such as paper, dirt, or cl 


EXPERIMENTAL. 


\s early as 1917 we began a study of the nutritive factors 
involved in the rearing of baby chicks. We used synthetic 
rations such as had been successfully employed in the rearin 
the rat. With a ration composed of 18 parts of casein, 69.3 of 
dextrin, 5 of butter fat, 3.7 of salts, 2 of agar, and 2 of yeast there 
was complete failure in growth with the baby chick. On this 
ration a rat could be successfully reared. In all our experiments 
the casein was purified; the yeast was in dried powder form pro- 
cured from a commercial brewing company; the butter fat was 
purified as customary for incorporation in the ration of purified 
food materials; the salt mixture consisted of 


NaCl 0.173 
MgSO, unhydrous 0. 266 
NaH2PO,H.O 0.347 
K.HPO, 0 954 
CaH, PO; H.O ' 0.540 
Iron citrate 0.118 
Ca lactate ] OO 
5 ry 


Started on this ration directly after hatching and at 39 to 40 
gm. weight, baby chicks would grow for a short time, that is up 
to 50 or 60 gm., but would soon begin to lose weight’‘and death 
would follow at the end of 3 to 5 weeks. Even increasing the 
veast in the ration to 4 per cent thereby providing more water- 
soluble vitamine did not materially improve the ration. These 
animals had been on a shavings litter and had received limestone 
grits in a separate dish. Their rations had been fed as a mash 
and distilled water was always used. 

In a later series of experiments where we used a synthetic 
ration such as described above, but more liberal in its content of 


butter fat (10 per cent) and yeast (5 per cent) and where the 
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animals had the run of a cut wheat straw litter, much better 
growth of baby chicks for 5 to 6 weeks was secured, but leg 
weakness soon developed and terminated the experiment. When 
the ration, undiluted with roughage, is fed as a mash there is no 


1 


guarantee that chicks will eat enough straw provided by a cut 
straw litter to protect themselves fully against leg weakness. 
In another series of observations, always involving six chicks 


in each experiment, we increased the butter fat to 15 per cent a 
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the veast to 15 per cent of the ration. In all our experiments 
either Rhode Island Reds or White Leghorns were used. Thi 
ration was fed dry and as a mash with limestone erits. Phe 
litter was from shavings. \fter 2 weeks of this ration several 
additions were made in the hope of warding off leg weakness 
In one case we added filter paper (see Chart 1). The paper was 


torn up by hand and thrown into the cage, but not incorporated 


in the diet. They ate some of it, but not enoug! 
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trouble. ‘To another group (Chart 2) we gave mineral oil daily 


at the rate of 10 drops per individual his tr 


j 


without effect. In Chart 3 are shown the results where the lax 


tive phe nolphthalein, was used at the rate of @.01 per cent of 


} I 
ration. This addition PAVE Ho beneficial reaction and no t Tey 
sults than were secured by the use of mineral oil Hull ar 
Rettger* had reported the successful use of lactose as a means of 


reducing putretaction in the intestine of the rat with a ¢ hang 





| 
Gm4 CHARY 3, LoT 3. =| 
320)|_ Bub ser fet 1S 


i ££ 3s: a nl co cee eerie eee meee mame | T ee 
; — ___Bhavings Hitter; limestone grits, | | = 
} bein ip = 














hendlphtHalein 0.0% of |ratid 












































——» — 4 
} a, | a | 
| | 4 
| j weeke 
| = Pf alien 
{ 
i is ) S 
; } 
’ ‘ r the eg we ‘ 
Yaset Ti 
aite 
Ager Bhavt en 
alt =r : ; uw - 
mtr 
¥ + 
t 
ah 4 
: 4 
( 1 e 10) } T 


haracter of the int stinal flora. i leg weakness Is associate 

th a siuggish intestine and slow removal of waste then thi 
possibility of curative results from the use of lactose is apparent. 
We incorporated this sugar in the ration at the rate of 10 per cent 
In the concentration used it had no preventive effect on the 


development of leg weakness (see Chart 4 
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It had occurred to us that leg weakness might be “scurvy of 
chickens’ and therein might rest the reasons for the successful 
use of green feed so generally advocated by all poultrymen With 
this possibility in view we gave one lot of baby chicks, after they 
had been on the synthetic ration for 2 weeks, a daily allowance of 
crushed green cabbage leaves (Chart 5). They ate this material 
eagerly and probably consumed as much as would be expected 
from a bird of this size when allowed green materials under prac- 
tical conditions. We had no better success with this lot than 
with those already described. This result in itself would strongly 


indicate that we were not dealing in the case of leg weakness with 


scurvy in chickens. Further confirmation of this view ts afforded 


in later work herein reported where we administered daily the 
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Cuart 5. Green cabbage given daily did not ward off the development 
of leg weakness. This is a potent antiscorbutic and these results indicate 


+ 


that scurvy and leg weakness in chickens have not the same etiology 

classical antiscorbutic, namely orange juice, to a number of lots 
of chickens developing leg weakness, but without effecting cures. 
Possibly we delayed the termination of life by its use, but did not 


} 


bring about such cures as can be accomplished with a guinea pig 
already seriously afflicted with the disease of scurvy. 

In Chart 6 are shown the results of a direct attempt to cure 
leg weakness with a potent antiscorbutic, such as orange juice. 
Its administration daily in 1 ec. portions is a larger allowance 
per unit of live weight than has been used in the successful treat- 


ment of guinea pigs afflicted with scurvy. All this lot came 


down with leg weakness and continued to suffer from this afflic- 


tion, although there was a much greater prolongation of the span 


Ot life } 1 t } e use of orange juice. We never succeeded in eff Ct- 
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ing complete cures or warding off the development of le; - 
ness by the use of orange juice when used at the rate of 1 « 
daily per individual. Further, the very fact tha 
icceeded in rearing to maturity birds whose diet was adequa 
ed \ ome inert ballast is positive proo 
gy with scurvy In earlier work® with chickens, 1 
grains wtined with u oO salts, we obsel Vg 
| normal maintenance for 8 months, when hi xperu . 
terminated These results are given as further evice 
chicke 1 Is not. SUPCPrsensit lve O a 1OW al 
ingestion as Is the cast rune - 
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weakness developed after 5 weeks restriction to this diet. Afte1 
this group developed leg weakness we began the daily adminis- 
tration of orange juice but without curative effects. Contrast 
these results with those shown,in Chart 12 where the paper was 
reground with the ration and where no oran 


} ] 
e yuice was added. 


ru 


In this case complete success In rearing was attained 


i. 
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We found fuller’s earth a decidedly ineffective ballast. This 


colloidal siliceous material, used as 20 per cent ol the diet, seemed 





to hasten thi downward path of this group of birds. The results 
are shown In Chart 8. Shavings were used as litter and undoubt- 
edly the chickens consumed some of this material, although not 


enougt to act as an efficient protection iwainst leg weakness. 
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After 2 weeks on the ration we gave orange juice at the rate of 
| ec. daily per individual, but without any help 
When we incorporated 40) per eent of} chareoal 1! The ration 


with shavings as a litter we met with varied success (Chart 9 


Oo 


Three of the birds developed leg weakness, while three gre‘ 
well, avoiding all trouble from this disease and reaching or} 
of 1,240, 706, and S805 gm., respectively, before being 
Phe were apparently normal in everv respect Just 

ced IS 1M] le to state it ther 
de} e ind 1a ion in chickens, making t] 

















{ } \ ‘ T 

1)! ( d) rning | i! ( icks Oo t or Tres 1) | 
infrozen ground just as early after hatching as pos ( 

Bin: a ly lated with rof : f 
ie time of hatching purposely regulated with reference » Spring 
weather in order that this condition may be satisfied, is follow 1D 
poultrvmen. The birds undoubtedly eat a consideral amount 
of this dirt; but that it is a nutritive factor of primarv importane 
in their rearing is open to careful consideration We incorpor- 


ated into our svnthetie ration 20 per cent of an air-dried garden 


soil and one not particularly rich in organic matter. The results 
ean be seen in Chart 10. Two of the birds grew normally and 
reached weights of 1,380 and 995 gm. respectively, when dis- 


earded. They were apparently normal in every respect. Four 
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of the chickens in this lot did not grow well, developed leg weak- 
ness, and died at the end of 6 to 12 weeks. Orange juice was 
given these birds at the appearance of symptoms of leg weakness, 
but did not save them from an early death. It is possible that 
the amount of dirt fed was not well chosen for the reason that in 
later experiments we practically duplicated the above experi- 
ments by the use of 20 per cent of dirt on a sand litter, but had 
very much better success when we used but 10 per cent of dirt 
cf. Charts 19 and 20). 

All the experiments described above were conducted on shavy- 
ings litter. We helieve that this factor might have been the 
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roughage materials used were in the proportion ol LO or 20 per 
f the ration, although in the case of paper the maximum 


amount incorporated was 10 per cent and the minimum 5 per ce1 


ration. The results secured with these rations are show1 
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this trouble, reaching a weight of 880 gm. at the end of 18 weeks, 
when it was discarded. 

Our most successful rearing is shown in Chart 12. With 10 
per cent of paper finely comminuted and ground with the ration 


every chick in this group grew at a nearly normal rate and re- 


mained physically sound. The weights at the end of 16 weeks 
varied from 480 to 710 gm., respectively. They were apparently 
normal when discarded at the end of 18 weeks. These results 
we think disclose in a qualitative way thr factors necessary 

the rearing of baby chicks The quantitative relation of these 
factors is still to be studied. When but 5 per cent of paper 
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ion we did not attain 


(‘hart 13) was incorporated wit 
the same measure of suecess as when 10 per cent was used. No 


leg weakness developed, but the rate of growth in all cases but 


one was slow. One bird reached a weight of 1,150 gm. at the 


1 


end of 18 weeks, when the experini nt was discontinued. 

It is remarkable how great was the influence of the character 
of the ballast in these experiments. When we used 20 per cent 
of agar (Chart 14) in the ration, growth was practically sus- 
pended after 4 weeks and the span of life was greatly reduced. 


These birds showed a peculiar pulpy condition of the tissue, 


dropsical in character. >\ reducing the proportion of agar 1n 
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the ration to 10 per cent, better growth was attained than by 


use of 20 per cent, although it was far below the success reache 


with paper, dirt, or charcoal. Three individuals from this grou; 


died from unknown causes, while the other three, all in 


were discarded at the end of 13 weeks (Chart 15 \ 


is group had developed typical leg weakness. 
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th was subnormat and death trolowed 


did hoi ce velop the characteristic svmptoms or leg wea 













Their appetites were enormous and their consumption 


records show a larger consumption of food at the end of 4 weel 


} in the ease ot those fed the papel pulp ration ( hart 12 


Probably the food was moving too rapidly through the intesti 


for maximum digestion and absorption. 
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With the sand litter and 20 per cent of charcoal (Chart 17 
four of the birds grew well, reaching weights varying from 550 to 
860 gm. at the end of 18 weeks, at which time they were dis- 
carded. ‘Two birds from this group died from unknown causes, 


but none developed typical leg weakness. With 10 per cent of 


charcoal (Chart 18) the mortality was higher than where we used 
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When 20 per cent of dirt was incorporated with the ration, 
using the same soil as was used in our earlier experiments, we wer 
unsuccessful in bringing any of the lot through to m 


Chart 19). These animals did not develop typical leg 
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Cyarr 18. 10 per cent of charcoal in the ration did not lead to success- 


ful growth with all individuals, but none in 
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(Hart 19. With 20 per cent of soil as a roughage we were uns 


in bringing anv of the birds through to maturity. 


, , ; — — , : 
ness, 1n so tar as inability to walk is characteristic of that trouble, 
but they did show the ruffled feathers and swollen joints which 
are always part of the picture of leg weakness. With less 


dirt in the ration, 10 per cent, we were much more suc essful 
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in the rearing than where 
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that dirt itself is an effective factor in the rearing of by . 
where the choi of the amount to be consumed is k » the 
{ Wit! synthetic diet and under confinement the 
s O SUC sful a source of ballast as was paper or ch 
| s been fairly well demonstrated \ 1} Ol 
O th roughage factor whet Sul I 
Sut 
+ 
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O01 one 1n } enting leg weaknes | 
du leficlency in one or more o W ognized 
( ssful nutritio uch as energ rotein, salts \- 
mines « 0 a deficieney in supply of 
aemonstration Of this tact is illustrated In (hal 21 here 
was not only an abundant allowance of all the nu 1) 
known at the present time, but where the exercise factor was 
also amply provided for. We used as scratch a grain mixture « 
30 parts each of vellow corn, corn gluten, and millet; and as 
mash a mixture of wheat bran 30 parts, 


shorts 25 parts 
corn meal 25 parts, and meat seraps 20 parts. 
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Skim milk was 
Green feed was daily provided by the 
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fresh, green, crushed clover. A deep litter of cut corn fodder 
was furnished in which the birds were compelled to work activel 
for their scratch feed. These animals grew at very rapid ( 
lor 8S weeks, reaching weights varving from 332 to 417 em. in t] 
Lire \t the end of that time they al began to deve p 
weakness with varying degrees of intensity. Ther 
rs contributing to | weakness in the lot firs 
overted a highly concentrated diet and second. the 
Choug ( tl roughage heal and in consequence r 
] Was no SCCLLTE Had at ugh Y o¢ 
} lequate q l ! t hye YTAalNs al () 
a. 
( 1. Witl 
i 9 k 
renet 
{ by compelling a lower consumption of S C1 : 
probably no trouble would have resulted 
\gain, as an illustration of the necessity of an intin ! 
ration of the roughage, at least with synthe liets te 
in the study of the nutrition chicker Charts 22 d 
dded. In one Instance we provided a it oat straw lit ma 
in addition mixed into the ration 10 per cent of cut oat iv 
lhe straw was cut in lengths of approximately + to4 inch. Leg 
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lives. 
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but in milder form, and 
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when they were discarded. It is apparent that unless this class 
of animals will voluntarily eat the roughage in plentiful quantity, 
merely having it present and trusting to a haphazard consump- 
tion is to invite a high mortality. Further, it is altogether 
probable that the roughage should either be practically inert and 
lacking in taste, or should be one of an attractive palatability. 
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CuHart 22. A failure to rear baby chicks when the roughage can be 
picked out and is not consumed. In this case cut oat straw served as the 


roughage. 



































Crarr 23. Another failure to rear baby chicks where the roughage is 
not intimately a part of the ration or so attractive in palatability as to 


invite consumption. 


In Chart 23 are shown results secured with dry, cut clover 
hay used as a litter and also incorporated in the synthetic ration 
in the proportion of 10 per cent. Leg weakness developed in 
three of the birds of this lot and with such seriousness as to result 


in death at the end of 12 weeks. The other three birds made 
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slow initial growth and also developed mild symptoms of leg 
weakness. From this early attack of leg weakness they appar- 
ently recovered at the end of 12 weeks and showed a normal con- 
dition. The coarseness of the roughage used in these latter 
experiments allowed picking out which no doubt was the deter- 
mining factor in both rations made with cut straw and cut clover. 


} 


This would explain individual variations such as observed here 
those birds getting on better when they did not separately con- 
sume the concentrated food material, but ate the entire mixturt 


’ l 
including the roughage. 


DISCUSSION, 


Our results on the study of the use of synthetic diets for the 
rearing of baby chicks points toward the primary importance of 
an indigestible ballast in their ration. Why we should have 
such variations in the effectiveness of these materials used is 
impossible to state. Possibly agar failed because it may have 
been digested in the tract of this species, or it is possible that as 
a gel in the intestine it was less effective as an absorbent than 
charcoal, dirt, or paper; we did have some success with it at a 
level of 10 per cent. Fullers’ earth is of a pasty character and 
was very inefficient as a ballast; because of its effectiveness as 
an absorbent it is possible that it prohibited the full reabsorption 
of certain essential nutrient factors, thereby hastening death. 
But speculation as to how these materials acted in the tract is 
inprofitable. 

We questioned whether there might be a direct correlation 
hetween leg weakness and an abnormal permeability of the 
intestinal wall, believing that herein may be found the real 
explanation for the preve ntion of this trouble with an effective 


} 


roughage, in that it acts as an absorbent and ready means for 
the elimination of toxic materials generated in the tract. With 
this end in view a number of precipitin reactions was made on the 
blood of chickens suffering from leg weakness. The precipitin tests 
were carried out according to the technique of Kolmer and were 
) 


made for us by Dr. P. W. Boutwell of this laboratory." The solu- 


Ix eC! J \ \ practical text-book of infection mi nit nd 
ia and London, 1915 
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tion of the protein against which it was thought that the animal 


might be sensitized was prepared as follows: 20 gm. of the ground 


feed (oats, corn, ete., as the case might by were shaken up wit! 
200 of an 0.85 per cent NaCl solution and allowed to stand | 
to 2 hours. It was then filtered through a fluted filter and final 
thro Berkfeld filter. This gave a perfectly clear s 
* ] } 
\\ LELe SDAKING and clouded on heating, al ! p 
drop of 25 per cent nitrie acid. The chicken was bled fr 
neck into small dishes, care being taken to keep the blo¢ 
~ 1 nossible. The blood \\ 
- na ior ¢ | W hours intil il cle ar serun s( ara 
n off into erile pipette. The 
) 1 ~ 

follows: to 2 ce. of the protein solution in 

mS oO} hye Serum to be tested I} CS Cl | 
bated and observed at short intervals In no ca was tI 


Posi ive preciplil test obtained. Af Cl l OnLC I] neuoatl 


( ) nes was usually ol served in the tul - l iit e oO 
curred in the control when the serum was ad salt s¢ i 
Che addition of large amounts of the serum also caused 
cloudiness in both the protein solutions and the control \s 
all the results were negative. To check the method 
white cockerel was sensitized against milk proteins by injecting 
5 ec. of milk into the large vein under the right wing. 4 days 
later 10 ce. of milk were injected into the vein under the left wing 


6 days later 10 cc. of milk were injected intraperitoneally. After 


i 


rut period of 10 days the cockerel was bled and positive 
precipitin tests were obtained when the serum was added to 
milk diluted 1 to 50 and 1 to 500. The fact that the precipitin 


tests were negative does not exclude the probal ility that leg 
weakness is due to an undue absorption of toxic substances and 
that the real function of roughage is to help in their ready elimi- 

The fact that fowls suffering from leg weakness have an anemic 
appearance led us to make a number of hemoglobin examinations 
in the case of leg weakness as well as of normal specimens. The 
determinations were made using the Fleichl-Miescher hemometer. 


The chic 


six separate individuals suffering from leg weakness at various 





<ens were bled from the wing vein. Determinations on 


severity showed a hemoglobin content varying from 
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ito per cent to 11.2 per cent. The amount found in norma 
] aed ry! } 7} ] 1 
birds averages 7.49 per cent. These data would indicate th 
his disease there was not a subnorma obin e 
‘Al 
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ais were sensitized to the proteins of their food Phe blo 
lid not show the precipitin reaction for the food pi 

his would indicate that the food proteins as su 
traversing the intestinal wall. This hegative evidence do 
preclude the possibility of undue absorption into the blood str 
of intestinal waste products in cases of leg weakness. Thi 


hemoglobin content of the blood of leg-weak chickens was not 
different from that of normal birds. 

6. Our success with paper and the synthetic diet will maké 
possible a study of the quantitative relations of the factors of 


nutrition in the growth of chickens. 
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EXPLANATION OF PLATES. 

PLATE 1, 
Fic. 1. A typical case of leg weakness. This result was produces 
ir synthetic diet containing no roughage Photographed when 90 « 
Fig. 2. Reared on a synthetic diet containing 10 per cent of 
Weighed 1,092 gm. when photographed at 14 weeks of agi Althou 


illy feathered this bird appeared normal. 





Fic. 3. Reared on a synthetic ration containing 20 per cent of char 


coal. Weighed 994 gm. when photographed at 14 weeks of age. Alth 
not fully feathered this bird appeared normal 


Ir t. Reared on a synthetic diet containing 10 per cent of pay 


reground with the ration Weighed 710 gm. at 16 weeks and appare!r 
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Crowther and Raistrick report 2.0 per cent of the nitrogen in th 
same fraction, using the same method of analvys 15 | 


11 


following experiments edestin was not used, as 


necessary for the experiments are prepared « 
it’ Lactalbumin also was not used as a pri ! I 
ms, because it was later found, as brought « 

owing paper (14), that in this protem cysti 


erowth-limiting amino-acids Arachin alon Is 


: 

( ( 

\ro 

i] . 

1 Ox 

i T rie iT 

e noted Om he abo ( tal I t] 1 racnil _ ‘ 

pro in so far as it contains all the amino-acids, with th 
exception of glycine and possibly serie and oxyproline, t! far 
Ist ed is final hvdrolvsis products ot proteins cher eA 


thods. It is rather low in eystine and in prolins It is also 
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tophane evidently was not determined quantitatively and the 
data are only qualitative. In order to eliminate cystine and 
tryptophane as possible limiting factors before a response to 
proline addition could be expected, they were added to the extent 
of 1.0 and 0.5 per cent of the protein, respectively. Since casein 
is reported by Hopkins and Cole (17) to contain only 1.5 per cent 
tryptophane, and, furthermore, since arachin is shown to contain 
this amino-acid, 0.5 per cent additions of tryptophane were con- 
sidered to be sufficient to eliminate that constituent as a possible 
limiting factor. 

\ll the data that were collected were obtained using rats as 
the experimental animals. The rats were confined in wire cages 
in small groups and kept under sanitary conditions, being at all 
times al undantly provided with the rations fed and with distilled 
water. Among the ingredients in the ration, the water-soluble 
Vitamine was introduced in the form of an alcoholic extract 
of wheat embryo—previously extracted with ether—in such 
amounts that each 100 gm. of ration carried the extract from 15 
gm. of wheat germ. The extract was evaporated on the dextrin 
before being introduced in the ration. The salt mixture was one 
previously used in this laboratory (18 

The proline used in this feeding work was first prepared by 
the Fischer ester method (19). Proline has no amino group and 


consequently should contain no amino nitrogen; however, both 


‘) 


the racemic and optically active proline contained 10 to 12 per 


cent amino nitrogen. This foreign amino nitrogen could come 
only from alanine, leucine, and valine, or the leucine fraction; 
and, therefore, the latter was fed as a contro] During the pro- 
cess of distillation of the esters it was not always possible to 
maintain as low a pressure as 0.5 mm. and at times 2 to 3 mm. 
pressures were employed and, therefore, the temperature often 
had to be raised slightly, possibly carrying over traces of the 
next fraction of esters. Such a condition may very well 

influenced, at least partly, the solubility of some amino nitrogen 
in the presence of proline in absolute alcohol. Later, proline 
was prepared by the method of Fischer and Boehner (20) not 
involving esterification. By slightly modifying the technique of 
these authors by introducing phosphotungstic acid to precipitate 


1 
? 


he bases, proline was obtained which contained only 5 
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amino nitrogen. The fact that Van Slyke (21) introduced a 
method for determining proline by the difference between the 
total and amino nitrogen of the alcoholic extracts of the leucin 
fraction in itself suggests that it is not always possible to procure 
proline absolutely free from some amino nitrogen. 
Supplementary to the experiments where proline was added 
to the ration some attempts were made to use pyrrolidone car- 
boxylic acid instead. The great similarity in structure of these 


two compounds 


CH, CH:COOH C=O CH: COOH 


NH NH 


} 


Proline Pyrrolidone carboxy lic acid 


and the ease with which pyrrolidone carboxylic acid is formed 
from glutamic acid made a determination of the possible functions 
of this derivative very interesting. It was prepared in quantity 
by Foreman’s method (22) and was used in a few experiments. 
With the aim of ascertaining the conditions under which sup- 
plementary additions of proline might be expected to produce 
the most decisive results, it was necessary to determine first thi 
increments of growth possible on various planes of arachin intake 
\s no data on the biological efficiency of arachin were available, 
it was necessary to establish these fundamental relations which 


are brought out in the following protocols. 


( ‘= y \Arachir I isly gives no qaicat n col 2 
10-acids inusual value for satisfying the requ 
g ng organism herwise an intake at a level of 8 
T ‘ er Vwhel plemented Ww tr evstinge y Y } , 
le possible more than maintenance in these ngrats. | 
I I reliminary test at 4 0.12 per cent add n I 
( x iwasil ae W th neg e fres I t | I } 
Ol rachin were replaced bv lact ilbun in aiso in its lf a p r prote 
me gi wtl Was made possible 
Cha II, Lot 8 Ll: per cent if arachin supplemented with cystine 
tryptophane gave no indication of possessing greater value for inducing 
owth in rats on an otherwise satisfactory ration than 8 per cer 


chin (Chart I, Lot 9 When 
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Crarts VII anp VIII 


leucine, valine, cystine, tryptophane, and proline are, therefore, elim- 
inated as primary factors in the limitation of growth of the animal when 
arachin is the sole source of protein. 

Chart V, Lot 11.—Of the probable supplementary value of lactalbumin 
and arachin some evidence has already been presente d (Charts I and I] 
Here we have indications that in the presence of cystine the supplementary 


ffect is of a high order of efficiency. 
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DISCUSSION. 


In the data presented it is shown that arachin is lO 


poor protein. Other proteins showing a similar dist! 
f amino-acids have been found to be good proteins | 

r, true that the available analysis of arachin 
proteins, leaves much to be desired, because only 
OO pel ent, of the amino-acids has neen isolate l { \ 
ing that arachin was either a good or poor protein in spite ¢ 
irtue of its low proline content, 1.37 per cent, prolir 

if When these addition wel mad even ll 
idditional eystine and trvptophan hicl 
i to | rrowth-lin ” Ttacto with ! 
( results wel ( med Furthermore 
r gelatin nor zein, whi 10 high 
men his globulin of the peanut gives evid 
not the growth-limiting factor in arachin. 

With lactalbumin efficient supplementation w = 
infortunately this does not give unequivocal eviden is te 
the characte) ol the deficiency of arachin. It Canno nA ( I 
tryptophane which is contained in lacta mit ( Ol 
CX 11ne! if ad Was lc ( ) h ( ( ( 2.) 
COC] of t} ! { ul L\ Lot 7: Chart IX, Lot 27 I 
ho respons \ Ss secured It also cannot hav ( CYST 

se CVSTine idded equivalent to | pel cent ot the arachin, vu 


the presence of tryptophane, was also ineffective and further- 
more lactalbumin itself is deficient in this amino-acid (14 

It is also true that arachin is rather low in histidine, 1.88 pe 
cent, but on the whole, judging from its chemical composition, and 
also making additional allowance for the 37 per cent of the amino- 
acids that were lost in manipulation, this protein ought to be 
fairly good for growth. Actually, however, even with additions 
of cystine, tryptophane, proline, alanine, leucine, and valine, it 
serves for little better than maintenance. 

Although according to present data arachin contains in quan- 
Ut) all the amino-acids believed to be necessary for the con- 
struction of mammalian body tissue, it was In these experiments 
found inadequate for maintaining growth in the rat. For this 


ipparent inconsisteney between chemical and biological tests 
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there is no explanation at present. It is quite possible, how- 
ever, that this anomalous condition may be clarified if we accept 
that constitutional differences as well as qualitative and quan- 
titative distribution of amino-acids may determine the biological 
value of a protein. It is quite possible that the chemical struc- 
ture of the protein may be such that after digestion certain 
of the simple peptides containing some amino-acid essential for 
the construction of body tissue escape further cleavage and 
present themselves in a form unacceptable for assimilation into 
body tissue. In this connection it is to be remembered that, 


while amino-acids have been isolated from blood and while an 


increase In non-protein, non-urea nitrogen and an increase in 
free amino nitrogen has been observed during digestion, it is 
still not evident as to the form in which the nitrogen is assimilated 
by the tissues from the blood stream. It may be absorbed as 
peptides or as amino-acids or as both. In the latter case the 
quantitative relations between these processes would determine 
the issue. It is not intended to enter into a discussion of this 
phase of the subject further than to point out how imperfect 
hydrolysis may modify assimilatory processes. For differences 
in the cleavage of peptides by enzymes the work of Abderhalden 
done tn vitro gives abundant evidence. 

Fischer and Abderhalden (23) demonstrated that 7 tro 
trypsin is able to hydrolyze certain polypeptides while it will 
not split others due to differences in arrangement. To give 
the simplest example, alanyl-glycine, CH;.CHN:.CO.NH. 
CHsCOOH, is hydrolyzed while its isomer, glycyl-alanin 
NH..CH,.CONH.CH.(CH;)COOH, is not. Numerous more 
complicated instances are cited but it is sufficient to say that con- 
figuration is an important factor determining whether certain 
polypeptides will be and whether others will not be hydrolyzed 
by enzymes. That a similar situation may exist in the digestive 
tract of the animal organism is suggested; and, until further 
experimental data based on specific amino-acid additions ari 
obtained which may improve the poor quality of arachin, it Is 
tentatively proposed that the deficient character of arachin is to 


be attributed to its stereochemical rather than to its chemical 


composit ion. 














| ; 


angement 





i tron 





ote tl Daniels and Loughlin (24) hav 
a) otal Oo ns of the peanut are satisfac 
l he! proteins : 
IM } 
\ hin is Og | por 1) ! 
} 1 ( ys? ( 
u l 
2 pP ” 4 y jie / herve ai 
». Neither gelatin nor zein, which are high in 
ments arachin ils ict Is adaditiona { iden¢ 
not the nucleus responsible fe the poo olog! 
globulin of the peanut 
} Irs 1) oph | | Iie wher idl a {) 
1.0 ( protein resp 
aene) 1) ( Ol al Hii 
"| ICL raction, composed ot IX 
( ima il Llal rie lnprove he nut ( 
t) uwbumi n itself a deficient protein | 
( Ss arachh ( 1 greate C1 
7. A ! ed sister 
I LULnO) Wis . X] Se | 
ly. B. Hart and Professor H. Steenbo in 
IONS and criticisms | O on oO! 
THE JOURNAL OF BI¢ 0 [ HEMISTRY, VOI XLIITI, D. « 





remains, 


’ ] 
incomplete | 


arachin is deficient 


Barnett Sure 


howeve to establish that 1 


i, 


of their component amino-ar 1d ee 


} 


ivdrolysis in a given 


no with the other. As fai s | 
the digestibility or rate of dig 
1 proteins has not been demonstr: 


as 







oteins 
stituents 


tim 


a food protein 



















Amino-Acids in Nutrition. 





i 


BIBLIOGRAPHY, 


D. B j B ( Ole 
1) J ; ( 1918 
S.W., J. PI 1901-0 
Kk. G J] ( ) 
v r \ r S } 
R., Z 1910 
C) 191 20 
] LOl4 LS 
E., Z ( 
n.R S 














AMINO-ACIDS IN NUTRITION.” 
























Il. THE NUTRITIVE VALUE OF LACTALBUMIN: CYSTINE AND 
TYROSINE AS GROWTH-LIMITING FACTORS IN THAT PROTEIN. 


By BARNETT SURE 





Since 1911, when Osborne and Mendel published their first 
work on ‘‘Feeding experiments with isolated food substances,” 
there has been made accessible to investigation the problem of 
the biological evaluation of proteins as correlated with their 
chemical analyses. It is true that for a time the advance made 
in the solution of this problem was obscured by the lack of appre- 
ciation of the necessity of the presence of the water-soluble and 


fat-soluble vitamines, but this was soon rectified as information in 
connection with these vitamines was accumulated by Hopkins (1 
MeCollum and Davis (2), and bv Osborne and Mendel themselves 
3).% However, with the incorporation of the water-soluble vita- 
mine in the diet in the form of the extracts in which it is known 
new complications were introduced, inasmuch as this also meant the 
introduction of a small amount of nitrogen in unknown forms 
Some of the earlier work in this field was, therefore, open to much 
criticism, as unquestionably in many instances the amino-acid 
deficiency of a protein was covered by the amino-acid nitrogen 
contained in the vitamine preparations used in excessive amounts 
Even with the present technique of ration-compounding this 
difficulty has not been entirely circumvented, but it has at least 
been minimized by the use of vitamine preparations low in nitro- 
gen and minimum in amount (4 

* This article forms part of a thesis submitted in partial fulfillment of 
the requirements for the degree of Doctor of Philosophy in the University im 
of Wisconsin | 
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Chart III, Lot 37.—A duplication of the experiment of Chart II, Lot 5 
resulted in good growth of the four animals for a considerable period, but 
ultimately failure ensued in two animals out of the four in the time that 
the trial was continued. When at this point the ration was fortified with 
cystine there resulted prompt recovery. This emphasizes the point indi- 





‘Tn all charts, for “40 gm. ether-extracted wheat embryo’’ read “15 


gm. ether-extracted wheat embryo.”’ 
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Cuarts III anp I1\ 


cated in the previouschart that cystine is a limiting factor in the biologi 
ictalbumin. rhe fact that the two animals did not re spond 


to the addition of cystine does not detract from the value of the data 


efficient 5 of | 


as this may well have been due to irreparable injury directly or indirectly 
caused by the amino-acid deficiency. 
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Chart IV, Lot 2.—Lactalbumin at a 12 per cent level supplemented with 
| per cent cystine supported a fair amount of growth. 


Chart V, Lot 33.—When not supplemented with cystine at a 12 per cent 


lactalbumin level the growth pertormance was ¢ onside rably inferior (¢ ‘hart 


[V, Lot 2 
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HARTS VII anp VIII. 


VJ, Lot 1.—When veast was used as the source of the water-solubl 


tamine, lactalbumin on a 12 per cent level supplemented with 1 pez 
! 
t 


f cystine allowed the rats to make excellent growth. At ‘a’ the 
ist was replaced by an alcoholic extract of ether-extracted wheat em- 


sueh as was used in the other rations, and growth continued for the 
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duration of the trial. While in itself not conclusive, as the supplementary 
value of the yeast alone was not determined yet Osborne and Mendel’s 
findings that lactalbumin was a poor protein when yeast was used as a 
source of the water-soluble vitamine strongly suggest that the addition of 
cystine was here responsible for the excellent growth. The continuation 
of growth when the change in water-soluble vitamine from yeast to an 
alcoholic extract of wheat embryo was made bears out this suggestior 
Chart VIT, Lot 25.—When supplemented with 1 per cent of cystine no 
such increment in growth is obtained with the lactalbumin fed at a 9 
per cent level as when fed at a 18 or even 12 per cent level. At this low 
level of protein intake ¢ vidently other amino-acids are reduced in amount 
below the level where they can still allow growth to take plac ter the 


primary deficiency of cystine has been removed 


Chart VIII, Lot 31 The amino-acid re sponsible for failure of growth in 
Chart VII, Lot 25, appears to be tyrosine. Growth was regular and 
long continued when the lactalbumin fed at a 9 per cent level was supple- 
mented with tyrosine as well as cystine. From this it appears that wher 


} 


ileoholie { xtract of whe at embryo is used as the source Ol the 


DISCUSSION. 


It appears demonstrated that lactalbumin, if we accept as 
lactalbumin the proteins in milk removable by heat coagulation 
after the casein has been removed, Is biologically an incomplete 
protein. This was brought out in feeding trials even when 
nitrogen in unknown forms had been introduced with the water- 
soluble vitamine in the ration, so that it constituted 2 per cent ol! 
the total protein nitrogen. Under the experimental conditions 
cystine proved to be an efficient supplement to the lactalbumin 
when the protein was fed at an 18 and at a 12 per cent level; vet 
lactalbumin is not unusually low in cystine, as it has been reported 
to have 1.30 per cent of its total nitrogen in the form of cystine 
or 1.74 per cent molecular cystine (9), which is about the average 
percentage of cystine in other proteins (10). Although arachin 
contains only about one-half as much cystine (0.88 per cent cys- 
tine nitrogen) as lactalbumin, no response to cystine additions 
was obtained in the case of arachin, even in the presence of tryp- 
tophane (11). This fact the author believes is further evidence 
to substantiate the theory set forth in a previous communication 
11) that the efficiency of a protein may largely depend on its 


constitution as well as composition in amino-acids, and that 
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av at times be inade- 


chemical analysis of amino-acid content n 


quate to explain the nutritive failure or success obtained with 
certain proteins widely distributed in nature It is quite possibl 


that cystine is SO oriented in the complex polypeptide enam 


lactalbumin that when it is hydrolyzed by the enzymes in the 


digestive tract 1t is split into simpler peptides of such form t} 


a great part of them escape further cleavage, and he 

, . ’ , . 11 
fore, deaminized and converted to urea (ot course, It stl eaves 
open the possibility that the animal organisn requires me 


evstine than that actually contained in lactalbumin whet 
protein 1s fed at as high a plane of intake as 18 per cent « 


total food 


Osborne and Mendel! found lactalbumin to be a highly eff 


protein when red with protem-tre milk. nad } exXperlmMe! 
data here presented show that evstine renders that prot 
excellent nutritive value. when emploving a synthetic salt mix 


ture, and an alcoholic extract of wheat embrvo for water-solubl 
vitamine. when without evstine it is of little valu The autho 


Is consequently Oo} the opinion that protein-free milk must eithe1 


pail 


carry cystine as part of its nitrogen of unknown source, or other 
forms of organically bound sulfur which the animal organism cat 
readily transform into cystine. An analysis of protein-free mill 
showed a sulfur content of 0.2 per cent, ol! which the greater part 
was In organic combination 

While growth was induced by the addition of cystine to lactal 
bumin when fed at 12 and 18 per cent levels, such was not thi 
case when the protein was reduced to a 9 per cent level Chis 


crowth 


brings out the fact that, while cystine is the primary 
limiting factor in lactalbumin, other amino-acids may also limit 
its usefulness when the intake 1s sufficiently reduced. With the 
prot in under consideration this proved to be \ rosine, as com- 
plete success was obtained when the lactalbumin was fortified 


with 5 per cent of its weight of tyrosine. 


Prior to this work the experimental evidence does not give definit: 
information with regard to the indispensability of tyrosine for growtt 
The first notable experiment on this subject was conducted by Abder- 
halden (12) on a dog. A preparation of the digestion products of casein 
freed from tyrosine as completely as possible, was given to the animal 


The dog lost 750 gm. in 9 days and there was a further loss of weight 
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! ng days, though the loss of weight in the last few days may 
due to an insufficient intake of food Che loss of weight 
ego ined almost entirely when tyrosine was added to the pre 
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' ts did not grow normally. and from the experience in this 
oratory on th requirements of the water-soluble vitamins 
ttanl’s alcoholic extracts of protein-free milk did fur 
factor in the diet. In his work on gelatin 
loss of body weight in all cases. The addition of 
brought no improvement, neither did the equivalent 
phenvlalanine vet the investigato conelu hat the 
transformed into the forme 














The author believes that Totant’s 
the possible synthesis of the benzene nucleus ar inwarral 
and are based on altogether inadequate dat On the cor 
the experimental data here presented strongly sugges 
ensibility of tvrosine for growth However, furt! 
mental data are necessary o establish this pont nl 

Reconsidering the supplementary ilue of prote 

Is interesting to Ot hat although Osborne ! \I 
fal Ihe VET? nah QO obtain a pNosith Ave O! 
or 38 gm. of preparations protein-free milk (14 

eated ol ned posi tests tor tvrosin ! 
of several tenths « om. of protein-free m 

lescribed Osborne and Mendel he l I 

i only 0.60 0.65 per cent nitroge ! 

! nly free fron ! le amounts ot sell 
When 28 per cent ¢ ion Is mad iD ¢ ! 
milk the amount of tvrosine which ma exist there ¢ 
in peptide ehain for wtion ma eonsideral 

MMAI 

| | wtailouMmdl ed as 12 ar IS ( 
carrying 2 per ¢ otal proteim in the fe ( 
iInknown sour ? hole ext) ot | 
nish the water-s 3 fe 
growth 

2 Whe fortified iol om} S 
ft that of th pl wtalbumin S 2 
CeoTyt ‘ wa foune ( } ePXCE |] nt nut) ( 
thie s the primary g \ itiny or in tl ote 

. oz talbumiur hye 1 9 ner cr la 
n the presence ¢ 1 ( of th otal weight he 

he orl ot <th) x ound ) ery dei , 
value However vhel rtified ddition wit} O 
amount equal Oo mM ot the ( | proten 7 
bye Oo! excellent nutritive ili | ros hey t} S ( 
crowth-limiting | or in tl prot 

| Protein-f 
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results suggest that protein-free milk contains either cystine or 
organically bound sulfur which the animal organism can trans- 
form into cystine. Protein-free milk was found to give qualita- 
tive tests for tyrosine. 


The author wishes to express his appreciation to Professor 
I. B. Hart and Professor H. Steenbock for many valuable sugges- 
tions and eriticisms in connection with this work; also to Professor 
I. H. Farrington of the Dairy Department of the College of 
Agriculture for the splendid facilities offered him in the prepara- 


tion of lactalbumin. 
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OCCURRENCE OF INOSITE HEXAPHOSPHORIC ACID 
IN THE SEED OF THE SILVER MAPLE 
ACER SACCHARINUM). 


INTRODUCTION, 


In an earlier paper trom this laboratory! it was shown that 
seeds of the silver maple are rich in organic phosphorus. The or- 
ganic phosphorus compound was isolated as a barium salt but 


when the former paper was published this substance had not beet 
identified The completion of the Investigation Was ae¢ lave a Oow- 


to the war and only recently were we able to resume this worl 


f 
f 
j 


In the first part of the inve stigation some 


hich had been powdered and extracted with ether during t] 
summer of 1917. The barium salt of the organie phosphorus 
compound isolated from this material was purified and crvstal- 
lized. The product thus obtained appeared to be identical wit! 


tribarium inosite hexaphosphate or tribarium phytate prepara- 
t10ns previously described.2. On analysis results were obtained 
which agreed more closely with barium inosite pentaphosphaté 
than with inosite hexaphosphate. It has been claimed by Rather 
that the principal organic phosphorus compound existing in plant 
material is inosite pentaphosphorie acid and our results in this 
case apparently confirm this view. This was the first time, how- 
ever, that we had isolated a substance having this composition. 


Anderson, R. J., J. Biol. Chem., 1918, xxxiv, 509. 
Anderson, R. J., J. Biol. Chem., 1914, xvii, 141, 151, 165 
> Rather, J. B., J. Am. Chem. Soc., 1918, xl, 523 
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170 Inosite Hexaphosphorie Acid 


A second preparation was therefore made of the barium sal 


from freshly powdered maple seed. This seed had been gathered 
at the same time as the former material The carefully p irified 
and crystallized barium salt was analyzed and its composition 
Was found to agree close ly with that ot tribarium inosit: 
phosphate. 
This difference in results could only be explained as due to 
tial hydrolvsis of the inosite hexaphosphate in the pe rt 
maple seed Phe powdered material after being ext ted Wit! 
ether had been kept in a well stoppered bottle for about 2 
{ omparative analy ses of the total ar Inorganic phosphe 
the old and the freshly powdered material fully verific 
imption that partial hydrolysis ha irred in the 
lered maple seed, although it had beet toread undel if 
tions and it contained only a very s) ercentage ot ( 
Careful analvses were made to dete ne whethe 
phytase, was present maple seed We emploved the sam 
method as was used in connection with phytase in wheat bran 


The small increase in inorganic phosphorus which was observed 
ifter digestion in water or dilute acids could hardly be ascribed to 


1 1 1] 
the influence of phytast his enzyme must therefore be present 


eTVv minute wMounts In maple seed 17 rmsnoTr entire 


Che dry maple seed had been px read na } 
ether in 1917. Of this material 500 gn vere digested 900) 
of ] per cent hydrochloric acid I} XT e Was sl 
sionally and allowed to stand oy grit It was ther 


through a laver of paper pulp O! ) abat Pune l 


with water until 2.000 ee. of extract wi Hotamed 


bind the free hydrochloric acid 75 g sodium acet 
added and the dissolved protein was precipitated by tar 
\fter filtering through paper pulp, 40 gm. of barium chlor 
concentrated solution was added precipitate Was 


and washed in w 


Anderson, R. J K (‘he 1Q] . 











































R. J. Anderson 171 





fter suspending this precipitate in water the barium 
moved by adding a slight excess of sulfuric acid. The barium 


sulfate was filtered off and the filtrate precipitated by adding a 


| solution of copper acetate. The copper preciplt 
filtered, washed free of sulfates with water, suspended in 


va l und cd mposed with hydrogen sulfide. The COppel l fick 





removed and the filtrate was concentrated to abou ne-| 
s volume under reduced pressure at a temper re of tr 1) 
ae 
he resulting acid solution was precipitated with | 
oxide, filtered, and washed in water. The precipitat 
ved in very dilute hydrochloric acid and again precipit 


h barium hydroxide. The substance was reprecipitated 1 
ies from dilute hydrochloric acid by barium | 

xide. The product was then precipitated three times 

loric acid by adding about one and one-halt )|- 


umes of 95 per cent aleohol, washing free of chlorides with dilut 


dilute hvydroch 


alcohol after each precipitation. After the substance was pr 
cipitated with aleohol a fourth time, it was allowed to stand in 
contact with the mother liquor for several hours when it char 
into the usual crystalline form of tribartum phytate. Th 
Ine precipitate was filtered and washed free of chlor 
dilute alcohol It was then dissolved in dilute nval 
id as before and the free acid nearly neutralized by 


uusiv a dilute solution of barium hydroxi 


! lid not dissolve on shal 
\ nd a coneentrated solution of 20 gm 
ir filtrate. A heavy 
rium sa senarated slowly on the bottom « 
\ anding over night this was filtered off and isl 
free trom chlorides. The substan 
ir times from dilute hydrochloric 
ohol. It was filtered and washed free from chlor 0) 
50, and 95 per cent alcohol. It was then washed n nd 
dried in vacuum over sulfurie acid. The produ s : - 
white, bulky, crystalline powder which weighed 3.4 g1 
ite nitric acid solution gave no reaction with silver ni 


the absen 


ate showing 
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The substance was analyzed after drying at 110° in vacuum 
over phosphorus pentoxide. 

0.5168 gm. substance gave 0.0383 gm. H.O and 0.0864 gm. CO 

0.1915 “ “ “ 0.1268 “ BaSO, and 0.1156 gm. Mg.P.0 


Found: C, 7.43; H, 1.35; P, 16.82; Ba, 38.96 per cent 


The substance was again recrystallized three times from dilute 


} } 


hydrochloric acid by the addition of aleoho! filtered, washed, and 


: ; 
ried as before 


dl 
\iter drying to constant weight as above it was analyzed 
0.2846 gm. substance gave 0.0335 gm. H.O and 0.0735 gm. CO 
O.isss “ sas - 0.1212 *“ BaSQO, and 0.1103 gm. Mg.P.O 
| ind: 4 104: &. i3i P, 16.73: Ba. 38.80 per cent 
The product was again recrystallized in the same mann 
washed, and dried, and the following result obtained on analvsis. 


0.2527 gm. subs g 0.0306 ¢ H.O 0.0675 ¢ CO 
,1OL9 Q) Yh 3 “i ) i) ty) \ig P.O 
| na ( (pe H | ) ? 85: B +e hs y 4 
t]] 
As reervstallization did not a WNpPos no | 1D- 
! it was undoubtedly pure In crys rm and properties 
ppeared to be identu | | I ribarlim pi ute ( ed 
" Trom othe plant material but the analvtical results do not agret 
| Wi h thie theoretical COIMDOSITIOI y| this sit The earbon 1s OO 
’ 1 , , ' ’ 
high and the phosphorus is too low [n fact he analytical data 
’ »] l, : t} +} ] ] ; 
: ire more Ciosely Wil } iké Li Lig i ‘OMDpYDOSITION O } ILS i 
, : . 
Darlim sail of mnosite pentaphospho! i i asl l ron 
' firmures below 
Cee addask B r ( HoOgoP r0] S37 
| ( ( 160; &. 1.00: P, 1687; | 7. 40 p 
4 I | ( 7.43: H. 1.35: P. 16.82: ] S95 
Z C, 7.04; H, 1.31: P, 16.73: Ba, 38.80 
, ( 7.28 H. 1.35 P, 16.85 B S79 
} -. 4 7 . ~~ 5 . . 
4 When it was found that this preparation differed in composi- 


tion from tribarium phytate by containing a higher percentage of 
carbon and less phosphorus it was thought that the organic phos- 


phorus compound might have undergone some spontaneous hy- 


drolysis. The old powdered maple seed Was therefore examined 
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for total and inorganic phosphorus in comparison with a sample 
of freshly powdered material. The result showed that 18 per 
cent of the total phosphorus was present as inorganic while in th 


freshly powdered material only 12 per cent of the total was inor- 


ganic phosphorus. It is evident therefore that some hydrolysis 
of the organic phosphorus had occurred in the old pow leres 
seed 
Second Preparation of the Barium Salt From f y P 
Maple See 
Che freshly powdered maple seed, 800 gm., was digested 1 
hours in 3 liters of 1 per cent hydrochloric acid. ‘The org 
hosphorie acid was isolate das the barium salt and recrystalliz 
} " ( rl r | it rs \ i vi ( LK { S 
( s final ( ines Lhe ! s 
arving » CONSLA velgnt LOD uy ) ! ~ 
rm OX1AE 
"210 g subs gave 0.0352 g HT ¢) 1.0779 g (‘() 
70 4.1126 BaSQO, ar () g | ) 
| , ( 6.61: H. 1.22: P. 17.06: | SSO 
| ( H ,OoPel O66 
C, 6.7 nm, I ri s 
a) ) ()S ] ’ ray hil ~ ~ 
417 rs - ta) ~ | ( CO OTL-st ill ~ 
ry)? r n ? ale: hy } ? nich Vy i 
The LI Iwss ol hese 1? LrATLOI nich ha ( | 
tv! lated Composition O i l il nm s ( ho 
hexaphosphorice acid. 
Judging by the analytical re sults obtained with these erystall 


barium salts, the composition of phytic acid is most accuraté 


represented by the formula of inosite hexaphosphoric acid, 


C.H,<QOo,Ps: and not by the formula of inosite pentaphosphori 
acid, CH 170 P; or by other formulas as stated by Rather® or | \ 
the ‘ HoQo-Ps as stated by Posternak.® 


formula ¢ 
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H {ArOULNSIS of the Phytin from Maple Seed into Inos le and 


Phosphoric Acid. 


The analyzed barium salt, 1.9 gm. was hydrolyzed with dilut 
sulfuric acid at 145° in an autoclave for about 2} hours. The 
inosite Was isolated in the usual Way and after recrystallizing 
several times from water with the addition of alcohol 0.24 gm. of 
inosite was obtained which corr sponds to SU per cent of the theo- 
tical yield. The inosite separated in the usual needle-shaped 
crystals; it gave the reaction of Scherer and it melted at 22: 


Incorrecte d ; Since the substance possessed the prope rties 


rave the re: 


reactions of inosite the analysis was omitted. 


Kram nat on of Mapl See / fo) 


~~ 


The freshly powdered maple seed was digested in the solvents 


mentioned in Table I as follows: Samples of 12.5 


2.5 and 25 gm. were 


rey 
A 
r P Fi g 
1 
CS I 
VW at 0.16 
() ) He 0.14 
0.10 Q).12 
0.20 0 1] 
0.20 0.1] 
) Li 0.10 
; 
i l ) sé i) ¢ ; 
i 
i 
+ ) ) » 
| m ! ed VW } ‘ ient shaking tor 24 } . 242.) ¢ 
Si 4.0 of concentrated 1 rhe 1d Cl nen added 
1] ] 1] r ; ] } 17 ; 
th nIXtul ! \ shaken and alowed to stand Io! ; hour. I 
x hen { ’ | nil +i 7 : 1 } rn} ric y loter) 
WW cb CTL TItLered a 1 the Inorganic phosphorus was caetermM 


lots representing 5 and 10 gm. of the sample by precipitatir 


with ammonium molybdate in the usual manner and then wit! 


magnesia mixture. \fter it was filtered and ignited, the resid 
was taken up in dilute hydrochloric acid and reprecipitated 
Y magnesium ammonium phosphate, incinerated, and weighed 


magnesium pvyrophospha 


The results shown in Table I were obtain 














hexaphosphate was obt 
| . ‘ ] 
ence 1s presented 


active phy tase. 


identical with the inosite 


} 


isolated from other plant 1 
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active 


preclude the presence of a1 
Ln investigation ha 
ipound of maple seed 


rolvsis of the organic phos 
when the powdered material has been stored for about 2 


‘reshly powdered maple seed apparently 


The principal organic phosphorus « 
hexaphos 


ee re! 
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The increase in inorganic phosphate obtained on digesti 


] 


material in water or in the very dilute acid was so slig] 


SUMMARY 


From an old sample of powdered maple seed a rvs 
rium salt was obtained which corresponded to a bariun 
pentaphosphoric acid, but from freshly powdered 
: 1] i 14 } ia 
seed a crystalline barlum salt corresponding to t1 ru 


ained. 
which shows that some spo 


phorus compound in map 


| 


‘Oompound oO 


morie acid wl 


terial. 
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AMINO-ACIDS OF THE BLOOD AS THE PRECURSORS 
OF MILK PROTEINS.* 


By C. A. CARY. 
Research Laboratories of the Dairy D B 


/ S De | 
feceived for publication, June 22, 1920 
{ ; 1] ] { 
1 hie ormation Of MUK In the mammar riands Ol wctating 
, 1] , | 
COWS 18 SO rapid that a determinable reduction of the precursors 
Ol millik Constituents 1n he blood which has pass« d throug] 


ands ia reasonapdiy " expected. With this idea Im mil 


Kaufmann and Magne (1) have compared blood samples, « 


] } ] f ] ; 
tained approximately simultaneously trom the jugular and tro! 
= ] l . ; | 
the mammal abdominal subcutaneous) veins Of milking cows 
1] — I shad , ‘ } +} 
ind have found that the concentration of dextrose in the mamm 
blood is less than that in the jugular blood Chey con 
1 4 ] 
his difference is due to the utilization of dextrose ! 
glands as the precur of milk sugar 


In analogous experiments Meigs Blatherwi na ( ! 2 


} 1 1 1 
have found that the phosphatide content of the mamn 
is lower than that of the jugular, and conch 

{ +) a 1] ] ] , . 

is the preeursor of milk fat and milk phosphorus Lis Ss1ons 
this method of determining the changes effecté 
DASSCS through he mammal glar HV comparing 
from the mammary veins with that of other sam} 


blood ( that trom the jugular veins) and the 1 it) ( 
sults obtained in this way are to be found i 
which reterence has just been made 

It seems not unlikely a prior that the mammar vi 
the free amino-acids of the blood as the precursors Ol milk proven 
Several fairly satisfactory methods of determining the am 
N of blood and blood plasma exist, and numerous determinations 


have been made with the blood of various spee 


* Published with the permission of the Secretary of Agricult 
























lavor: 


+ 
1) 
il 
| 
i 
ST] 
ext! 


yrotein content of milk. 


Milk Proteins 


Mmno-acid 


ible 
of Kaufmann and Magne. 


s with both dry 


( amino-acid N in blood and plasma obtained ! 
simultaneously from the jugular and mamma) 
Analytical Method 
mino-acid N in the amino-acid extract from th 
sma was determined by the HNO. method ising 
er apparatus designed by Van Sly ke (3). This amino-: 


was prepared essentially according to 


Bock }) 


somewhat in the different 


} 


The conditions are, therefore 


I have carried o 


and milking cows, comparing 


with certain modificat 
experiments. 


} 


in this ease for the success of experiments sim) 


nod I 


the 


1ONS 


Tri¢ 


\dopted was as follows: 
1) ( nples of 50 and 80 ee. of blood, and 80 and 100 « | 
ired out. 1 ec. of afreshly prepared 10 per cent aque 
se from jack bean meal! and 0.2 ec. of a 3 per cent solut 
H.PO, were added for each 10 ce. of sample. The m ire W 
2 > hours at 30°C. to hydrolyze the ure 
ture was then run slowly into five lumes b 
.O1IZ5 N for the blood and O.0O1S N witl ¢ s 
is rinsed In, and the boil y t I 
( 1 1 tes more \ volume of b \ 
tl thie sample was added, and Lhe m 
i more It was then transferred to imetr 
e volume of the sample and brought t \ 
! »orvlic aleohol was used in the ( 
rom interfering in bringing them 
ken vigorously for some time I 
re filtered through a folded { ) 
‘ nely powdered kaolin per 100 
s pressed out of the res 
It was then shaken 
nding for s e time, wa l g 
\\ t r and tl refiltered throug! N \\ 
pay ( btained was per tly I r 
I irge al il t ’ ec 
) ! powad | bea nad 
ral tir during 1 y 


ut such expr 





1 N of blood is uniformly very low compared with 


very 

















480 Milk Proteins 


per cent of the «amino group of lysine to come off), and several 
allowing a deamination time twice as long. For the slowly evolved 
N correction was made essentially as suggested by Van Slyke and 
Meyer (5), by subtracting the average (corrected for reagents 
of the shorter runs from that of the longer and subtracting this 
difference from the former. 

During the determination on the amino-acid apparatus with 
all the samples to be compared the temperature was kept constant. 
The samples for analysis were measured into the apparatus with 
a 2 ec. Ostwald pipette; and the various determinations of the 
jugular and mammary samples to be compared were run alter- 
nately on the machine, so as to keep the conditions as neat 
comparable as possible. 

Throughout the whole procedure a jugular sample and a corre- 
sponding mammary sample of the same size were run as a p 
under as nearly the same conditions as possibl 

The amino N was determined in the urease extract used in each 
experiment by the same method as above, and correction was 
made for it accordingly. 


Each datum, therefore, with each of the duplicate samples of 


] 1 ry. 1 TY 1 ) | 
blood or piasma given 1n Table 1] I this artictk Is the average 
{ " , . , . , | 
of several determinations on the amino-acid apparatus corrected 
| ] 
O | he reagents used. (2 inv sk evolved N ! ) 
. 
iw .) N the urease 1S d 
XPERIMI 
: 
i ] \ 
My results are summarized Fable | lore 
7 ] ; 
I 7 I Nn | LIL I] and 1ts accompanving I 
’ 
I} figures ' } IN tl] | } l tr +} } 
] ] ] 

| COWS are isideral Low t s Bor ( nd O " 
7) from | mals, although th rocedurt 
1 es { as th \ a | | r W l tney ¢ I 
cor! ms enter int the cal l their results or w 
rected r the i cid N « es bean m« hat the 
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II gives th etal am ata obtained in the 


tried oth dry and milking cows 


average 3 days, including one before a1 
lav on which the samples of blood were taken 
were given their morning feed at the customary time, 
and 5 a.m. The samples of blood were generally 


8.30 : 915 am. The sample from the mammary vein 


always taken first. 


The area over 1e veln was bathed with a 5 per cent 


} 


yhenol, sometimes some of the hair was clipped away, 


Lint 


i? ee 


ma 


ea. Sneek nee ae 
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was not disturbed more than about 2 minutes before the flow of 


blood was secured. About lLto3 minutes were required to collect 


the mammary sample. About 2 minutes intervened before the 


flow of jugular blood was obtained and 1 to 2} minutes were re- 
quired to collect this sample. The samples varied from 200 to 
650 cc. There was no relation between the size of sample and the 


data obtained. The samples were collected in bottles containing 


0.1 om of dry sodium oxalate per 100 ce of blood to be taken 


The plasma was obtained immediately by centrifuging the blood 
for 20 minutes at 3,600 revolutions per minute. The corpuscle 
ume was noted on a graduated centrifuge tube 

The analytical procedure was that described above except 
dicated in the footnote to Table 1] 

Table IT includes all the data that I have obtained excep I 

e first two experiments that | made, in which the analytical 
methods subsequently used were not fully worked out 2) one 


sequent experiment in which my procedure was varied and in 
h the duplicates did not agree at all: and 3) the blood deter- 


mnAatLoONns of hexpe rim nt \ | which were made by SEV ¢ ral 


differ- 
ent methods that did not give concordant results. The duplicate 
ood determinations in Experiments III, V, and VII were lost 


I was unable to note any relation between the apparent disturb- 


he cows and the variations in the amino-acid N of the 


ence have omitted the details bearing uvon this 
DINS¢ SSTON 
\ : 
: he six experiments with milking cows, the amino-acid N of 
the mammary plasma is decidedly lower than that of the jugular, 


the differences varving from 0.39 to 0.97 mg. per 100 ec. of plasma 
in the different experiments. In the four experiments with milk- 
ing cows in which the amino-acid N of the whole blood was de- 
termined it is lower in the mammary than in the jugular blood, 
although the differences are sometimes small. In the exper)- 
ments with dry cows, the jugular and mammary samples of both 
blood and plasma are practically identical. 

In Table III the maximum absolute difference between the du- 
plicates is compared with the difference between the jugular and 


mammary averages in the case of the plasma determinations in 


each experiment. 
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In all the experiments on milking cows the differences in the 
amino-acid content of the jugular and mammary samples of plasma 
are greater than the maximum differences between the duplicates 
The results, as a whole, furnish conclusive evidence for the view 
that the mammary plasma of milking cows contains decidedly 
less amino-acid N than the jugular plasma. 


The differences between the amino-acid N contents of the 


] ] > ’ ) 4 
jugular and mammary samples of blood in my experiments wet! 
1] | t ly ley ] } t 9} niteals +} rn th ”) 
vyenerauy tess, not only relatively Du absolut ie eorre 
Sry ting dll encesinthe samples ol plasma } o} ‘ ) 
BLE I] 
/ | te D t n Dupl es ( ) 


Dif 
\ 
| (). 22 ) Oo] Peel 
| 0 » ) OF 
[1] BS Se 7 
[\ | 139 
Vi } } 
[| ) ‘ ) 
[I] ) 
| \ ) ) O7 
Lforanen Loahky mn an that t} ‘ iw f 4} lla 
lilferences probably mean tha he amino-acids oO 1e DLlOOd 
puscles take no part in the interchange which goes on betweet 
t! blood and the mammary gland and that there has bx no 
migration of amino-acids from the corpuscles to the plasma of 


the samples ol blood between the time that they were collected 


and the time that they were centrifuged. In view of these cir- 
cumstances, I shall consider only the amino-acids of the plasma 
in attempting to compare the reduction of the concentration of 


] 


these compounds in the mammary sample Ss with 


the amount of 
protein secreted by the mammary gland in a given time. 
There have been no definite determinations of the flow of blood 


through the mammary gland. It has been roughly estimated 
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Meigs, Blatherwick, and Cary (2) from the data of Kaufman: 


minute. The largest difference in amino-acid 


determined between the jugular and mammary plasma wa 


and Magne (1) that with a cow giving 10 liters of milk dai 


hout 3.5 liters of blood pass through the mammary 


1 , 
fiIANndS pel 


N that [ hav 


| mg. per 100 ec. in Experiment I] with No. 51. She was giving 
12.55 liters of milk daily. The corpuscle volume of thi ¢ 
blood was about o2 per cent. If it is assumed that th 1 TOW 
through her gland was at the rate of 3.5 liters per minute h 
would mean that the flow of plasma amounted to ab 

rds of this figure, or 2.3 liters per minute 

If milk secretion goes on continuously throughout the 24 hours 

s suggested by Meigs, Blatherwick, and Cary (2), about 33 en 


amino-acid N, according to the result 


mammary g 


ld be abstracted daily 
Ol thre blood 


bout 70 per cent of their to 


9 
up from the plasma of the blood dail 
this experiment, to aho it 300 Om. ol milk prot in or a 
content of the milk of 2.4 per cen 
It indicates, however, that the differences are 
mately sufficient magnitude to account for th 
] OTeCIT 
\n interesting featu h ( whi re 
ssed‘is the result obtained in Exp: nt IX 
this experiment was giving about 2° sol 
to V¢ nad } | times tha O } a) 
sut in spite ot this. the abs ( ise Il } 
4} 7 4 1] | 
the mammary plasma was practica es ( 
} , . , ' 
solute adecreast tor the oTner MILKING OWS 
nterpreted Oo mean that as pene i 
' ' , 
nrougi Cf) tim viand is rope if | 
Chere ] . good deal of aene to support this 


Dr. N. R. Blatherwick has determined 
he jugular and mammary plasma in som 


above. With his per . l | LI 


1 perfusing it. The a-amino N of 
rtotal N Hence the amino N thus taken 


in this experimet 


land from the plasn 


rougniyv o} 


‘the milk proteins is 


v would be equivalent, in 


tots 
protein 


t This estimate is very rough. 
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As far as the above data go, it would seem that the following 
observations are justified. 

1. The CO, capacity of the plasma of the blood from the inac- 
tive mammary gland is somewhat greater than that of the plasma 
from the jugular blood. 

2. The difference in CO capacity as between the jugular and 


Y COWS IS Ir‘ lative ly greater thal 


mammary plasma of milkin 


he case of the non-lactating cow. 


(HH. 4 Juqular and Mammary P 





. (CU, capacit 
( N 1 
D ; 
l Ma Ima 
t 
11] 
tt 64.5 69.2 & 70 
Oct. 15 


51 65.5 70 2 Q 8 


63 SQ 5 61.4 1) 


3. If we compare the differences in CO, capacity obtained fron 
Nos. 51 and 64 with that from No. 227, there are two possibilities: 
The CO, capacity of the arterial blood was already high in the 
case of No. 227 as indicated by the CO. capacity of the jugular 
plasma, and it may be that the increase in CO, content of the 
blood passing through the mammary gland did not therefore effect 
relatively so great a change in CO, capacity; or, second, it may be 
that the metabolism indicated by this increased CO, capacity in 


the mammary plasma is not proportional to the milk vield and 











LSS Milk Proteins 


therefore in the high producing cow is less relative to the flow of 
blood through the gland. 
\ calculation of the CO. output of the mammary gland from 
the data at hand would involve several more or less unsuppo 
IONS Al | hence would no rye erv reliable 


SUMMARY 


Lc. 24 amino-acid N of the blood and lood pl mi htained 


rol he mammary vein in non-lactatiz Y COWS IS pl 
same as that obtained from the jugular ven 
2. The amino-acid N of blood and blood plas Tuy 

the mammary vein in milking cows is decidedly lower than t] 
obtained from the jugular. The mammary plasma has beet 
found to contain from 16 to 34 per cent less amino-acid N thar 
the jug lar plasma. 

The amino-acids thus picked up by the mammary gland from 


plasma of the blood perfusing it are sufficient to account for 
the proteins of the milk and are undoubtedly the precursors of 
these milk constituents. 

!. Data are presented on the CO, capacity of the plasma of 


blood from the jugular and mammary veins 


COWS 


of milking and dry 


In conclusion, I desire to express my sincere appreciation of the 
suggestions and kindly interest in the work of Dr. E. B. Meigs 
and Dr. N. R. Blatherwick, of this laboratory, and Mr. T. E. 
Woodward, Superintendent of the Dairy Division Farm at Belts- 
ville, Md., where this work was conducted. 
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STUDIES ON CARBOHYDRATE METABOLISM IN 
RABBITS. 


I. OBSERVATIONS ON THE LIMITS OF ASSIMILABILITY OF 
VARIOUS CARBOHYDRATES.’ 


By LAFAYETTE B. MENDEL anp MARTHA R. JONES 
Vew Haver 


In the advertising literature of a well known proprietary food 
for infants and invalids, the statement is made that this product, 
which is said to be a mixture of dextrin and maltose prepared by 
the action of malt diastase on the starch of cereals, is ‘100 per 
cent more assimilable than either milk or cane sugar.”’ Upon 
investigation it was found that this statement was based on a 
paper by Lovett, Morse, and Talbot,'! who quoted the limits of 
assimilation of the different sugars recorded by various investi- 


gators as follows: 


Grape Sugar: In babies, about 5 grams per kilo (Langstein and Mey: 
Grape Sugar: In one-month baby, 8.6 grams per kilo (Greenfie 
Galactose: No accurate data 
Levulose: Lower for babies than adults. One gram per ki Keller 
Maltose: Over 7.7 grams per kilo (Reuss 
Lactose: 3.1-3.6 grams per kilo (Grosz 


Cane Sugar: About the same as lactose (Reuss 


* The data in this paper were taken from the dissertation presente d by 
Martha R. Jones for the degree of Doctor of Philosophy, Yale University, 
1920. Part of the expense of the investigation was defrayed by a grant 
from the Russell H. Chittenden Research Fund for Physiological Chem- 
istry. 

+t Research Fellow (1919-20) of the Boston Branch of the Association of 
Collegiate Alumne. 

1 Lovett, R. W., Morse, J. L., and Talbot, F. B., Boston Med. and Surg. 
J., 1911, clxiv, 852. 
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I 


\ perusal of the scanty literature on the subject of alimentary 


sugar tolerance showed that 


he figures quoted had been obtains d 


Irom a comparatively few isolated experiments which had been 


performed by various investigators using different me 


tl 


iods al d 


under totally different conditions. Since data of this sort ar 
In no Way comparable, more evidence seemed hecessal ( ‘ort 
definite conclusions could be drawn in regard to the ré ( 
assimilability of sugars. In view of the very extensive use of 
carbohydrates of various kinds in dietaries of infants, and the 
. ° . . | 1 1 
uncertainty of the medical profession in regard to their relative 
— the pr ee ee: ae fd a a 
alues, the present investigation was planned to stu he ques 
ees Prana th. ; a a a eal 
ion under Conaltions MNVOlVIng as Tew Variables as possible 
ly elini il prac ice Sug ir tolerat ( is considered to be the largest 
number of grams of glucose which can be ingested at or in 
without causing glycosuria. The alimentary method of deter 
mining tolerance obviously has its limitations, since the entry 
of the sugar into the blood dep nds not only upon the motor 


power of the stomach and intestine Ss, Dut also on the ri 


] 


, 


it 


e of ab- 


i 


sorption which varies with a wide range of conditions Real 


tolerance, as Woodyatt, Sansum, and Wilder? remind u 


upon the rate at which the tissues are able to abstra 


dene nds 


} 
Tiucose 


from the blood and utilize it. Sugar introduced directly into 


the circulation does not have to undergo absorption, 


rate of injection can be so regulated that it is just eq 


he 


nee the 


rate at which the blood and tissues will bind and hold the sugar 
wit koOut an overflow through the kidnevs. From his standpoint 
glucose tolerance signifies the largest number of grams per kilo 


of body we ight pel hour which can be in} ected into a vel 
causing glycosuria. Since the sugars in which we ar 


interested are constituents of foods, it seemed that the o1 
of studying tolerance was preferable for our purposes 


this method was selecte d. 


] " ’ 
Feeding and Analytical Technique 

T> 1 ] ] 

NMADDITS were US¢ { maies and ! V-SLX I 
were é| aed inte rrou ma kept reve pens | 
; y ] . ] +1) ’ 

m ¢ I ( a ind Te) V9 na } } Imes 
\ i t t 
i. 
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ree 
? 
( 
{ 

















L. Mendel and M. R. Jones 





bage, in limited quantities, was fed daily. This diet was always 
relished and was sufficiently well balanced to kee }) t] eC al imals in 
good nutritive condition over a long period of time. One rabbit 


was kept during the entire experimental period of 9 months and 


within that time received forty doses of sugar without showing 
el ~ 

The rabbits were usually taken from the pens on the afternoot 
before they were to be sed, and placed i metal olisn ges II 
which there was an abundance of oats and wate Phe next 
morning each Bane al was weighed and tl normal urine collected 
by compressing the abdominal wall over the bladder The w 
was tested qualitatively for reducing substances with Bened 
reagent, and if the reaction was negative the rabbit was tastened 
on the animal board and the sugar solution admuniste) 
means of} } stomacl sound (rea Care WAS CXACTCISCA ( 


the animals as little as possible, and with very few exceptions 
thev neither offered resistance nor exhibited fear. 


Sugar solutions were made up to a volume of 50 ec. except in 


a few cases where the conce ntration was so great tha 


could not run through the tubs In such cases the volume was 

increased to as much as 65 ce. After the administration of thi 
7 . } 1 

sugar the rabbits were returned to their cages where the had 

rr wecess TO Oats, Cal v ind wate since page ce : 

ar +} hahl, ] . . { Lisit +1) 

SOC SULA! THIS Propavdlyv mn roduced a source O1 error, pu rie 
1 . . 1 ) _ 

amount eaten atter the ingestion of! the carbohydrate solution 


was usually quite small, and hence the error was negligible \fter 
an interval of 33 hours the urine was again collected and tested 


v with Benedict’s reagent. Since we were not con- 


erned with mere traces of reducing 


¢ substances, all tests which 
were not definitely positive were recorded as negative \s used 
these experiments Benedict’s reagent showed l MOSITIVE 


reduction when glucose was present In a concentration of 0.08 
per cent Karly in the investigation the animals were always 
ke pt in their metabolism cages for 24 hours aiter the ingestion 
of the carbohydrate solution and the total urine voided during 
this time was tested, but it was invariably found that if sugar 
appeared at all the greater portion was excreted during the first 
1 ] 


3s hours; hence, this procedure was discontinued. Freque1 


nt 
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test was negative, the dosage of sugar was increased 1 to 3 gm. 
per kilo until sugar appeared in the urine. The smallest amount 
of carbohydrate which resulted in glycosuria was recorded as the 
assimilation limit. In suerose experiments and frequently after 
the ingestion of maltose and dextrin the urine was made acid 
| per cent) with HCI, hydrolyzed for 30 minutes in a boiling water 
bath, cooled, neutralized, and tested again for sugar. Doses 
were repeated at intervals of 48 hours until each animal had 
received three. During this time the rabbit was kept in its metab- 
olism cage and at the end of the period was returned to the 


+ 
LO 


large pen where it remained for a week or more. In orde1 
determine whether repeated doses of sugar had anv effect upon 
tolerance. some of the animals were divided into groups and the 


order of administration varied. 


Karly in the investigation sucrose solutions were given and much difh- 


iltv was experienced in obtaining consistent results. It was noticed that 


unfiltered normal urine would often reduce Benedict's solution while the 
filtered urine would not \ll urine was then filtered through ordinary 
filter paper | requently the first few drops of the filtrate were tested and 


these sometimes would reduce Benedict’s solution while the mixed filtrate 


before and after inversion would not. Upon investigation it was found 
that after repeated doses of sucrose, an enzyme was excreted in the urine 
which acted upon the starch in the filter paper and produced sufficient 
sugar to cause a reduction of Benedict’s solution Following this dis- 
covery the urines were heated on a water bath for 2 or 3 minutes befor 
filtering and the pr vedure continued as before No aiscrepancies were 
observed after this precaution. In making so large a number of re- 


duction tests with Benedict’s solution, more uniform results were obtained 


by heating the tubes in boiling water for 6 minutes than by boiling each 


OY fi 


separate ly over a free flame; hence, this method was adi pted. 


Fe é ding Expe rime nts with Carboh ydrate -. 


Sucrose.—The limit of assimilability of sucrose was determined 
in twenty-two animals, the doses which just produced glycosuria 
ranging from 4 to 9 gm. per kilo. Thirteen of these animals had 
a marked increase in reducing sugar in the urine after inversion, 
indicating the presence of sucrose. Two rabbits which excreted 
reducing sugar after the ingestion of 6 and 7 gm. per kilo of 


sucrose, respectively, excreted sucrose, as such, when the dosage 


was increased 1 gm. per kilo each. To another rabbit in which 
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the assimilation limit was 9 gm. per kilo, sucrose appearing in th 
urine, a dose of 10.5 gm. per kilo was administered, the appa- 
ratus being so adjusted that the animal received 1 ce. of 
solution or 0.23 gm. per kilo of sugar per minute. Now th 
urine test was positive, but only reducing sugar was present 
Kight of the fifty-eight animals receiving sucrose developed diar- 
rhe a, but in seven of these cases the dose exceeded the assim] 

tion limit. Six of the eight cases of diarrhea were accompanied 
by sucrosuria. One animal had diarrhea after the ingestion of a 
dose smaller than the assimilation limit, but at a later tim 

much larger dose did not result in intestinal disturbance No 
effort was made in any of these cases to determine the presencs 


Of sugar in the leces. 


Anima 


" 
4 5 5 
19 Ss s 
21 5 7 (Diarrl 
22 he) Diarrhe S 
24 Ss x 
Al Q 8 (Diar P 
52 t \ 
65 7 g 
66 7 S 
bs 4) 4 
71 6 7 
72 6 7 
75 6 7 
7a 6 S 
Plus and minus signs, wherever used, indicate that the limit of assimi- 


lability was not determined but was greater or less, respectively, than the 


figure given 


Inverted Sucrose.—Sucrose solutions were made up to a volume 
of 50 cc., made acid (1 per cent) with HCl, and heated on a boiling 
water bath for 30 minutes. They were then cooled, neutralized 
with NaOH, made up to a volume of 50 ce. with distilled water, 
and administered as previously described. The limits of assimi- 
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lability of the invert sugar ranged from 5 to 9 gm. per kilo in 
eleven animals. 

Table I shows the limits of assimilability of sucrose and inverted 
sucrose in the same animals. 

In only one case, Rabbit 22, was the assimilability of th 
inverted sucrose less than that of sucrose. In fact, with the 
exception of Rabbit 22 in which the limit of assimilability of 
inverted sucrose was not determined, the average tolerance fo 


1! erted sucrose 1n the animals o1Vve rn al ove was more than 7.6 


om. per kilo, while the same animals had a tolerance of less thar 
6.5 gm. for sucrose. Three rabbits (Nos. 4, 19, 68) showed the 
same tolerance tor inverted Sucrose Aas fo. Sucrose, while } 


emaining ten exhibited a greatel tolerance for th inverted s igal 


: . , . , , ; 
Iwo ol t he animals which had the same toleranes ror Sucrost 
{ > Im “+ | ’ ] } ] 
ror inverted sucrose, had OnIV Teaucing sus r it rie Irine Lite 
+] . ; , +] +} +} 

he ingestion of sucrose. Evidently, in these cases, the sugar 


was inverted in the intestines before absorption. Three rabbits 
which had a greater tolerance for inverted sucrose than fot 
sucrose had sucrosuria. It would seem from these experiments 
that sucrose may be quite as rapidly absorbed as the mono- 


i. 2 


saccharides, and since the rapbit has ho sucrase in its normal 


serum the tissues are unable to utilize it and it is excreted bv the 
kidneys 
Levulose-—The limit of assimilability of levulose was deter- 


mined in nine animals, the doses ranging from 3 to 10 gm. per kilo. 


Rabbit 24 received 14 gm. per kilo without sugar appearing in 


the urine. Diarrhea occurred only once after levulose ingesti 
the animal receiving 9 gm. per kilo, but no sugar appeared 
. 
ible IIT shows the relative assimilability of sucrose and levulos 
in t] same animals. 
Seven of the nine rabbits showed a tolerance for levulose equal 


to or greater than that for sucrose, while two had a slightlv greate1 


tolerance Tor sucrose. 


(rlucose In fourteen rabbits the limits of assimilability of 
olucost ranged from 10 to 16 gm. per kilo. MIX O1 the eighteen 


nimals which rece ived luc se ce veloped diarrhea, but in three 


these cases the assimilation limit was exceeded. In one cast 


se of 10 gm. per kilo resulted in diarrhea without sugar 


















L. Mendel and M. R. Jones 





diarrhea afte the ingestion ot 16 gm. per kilo. 


} 


sucrose and levulose in the same animals 


1) ; 1? 
- - i) 
i ‘ bmw 


Rabbit 24) was higher than that of levulose. 


‘ 





\{n examination of Table III shows that glucose tol 


Invariably higher than that of sucrose, and with on 


appearing in the urine. A few days later this animal 


a dose of 12 gm. per kilo. Sugar appeared in the urin 


feces were normal. Three animals had _ glucosuri 


Table IIT gives the comparison of olucos Tolerance 


Lactose. Four rabbits rece ived dos ~ of lactose ranging 


sugar in the uring 


6.4 to Y om. per kilo without the appearance Ol 
or diarrhea. Since it was found impossible to keep this quant 
var in solution in a volume of 50 ec., we decided 
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tinue the test rather than introduce another variable into our 


experiments. 


Maltose —The limit of assimilability of maltose was determined 
in six animals. ‘Two showed glycosuria after the ingestion of 10 


and 14 Pin. per kilo respectively, although the average tolerance 
of the remaining four was 19.5 gm. Doses ranging from 16 to 20 
gm. per kilo were fed to seven rabbits without sugar in the urine 


or diarrhea resulting. 


Di ririn. Nineteen rabbits rece ive d dost Ss ol cae xtrin ranging 
from 15 to 20 gm. per kilo without exhibiting glycosuria, while 
the limit of assimilability was determined in only four. Rabbit 
LS had a dextrin tolerance of 5.5 OlN. per kilo. This animal 
exhibited re latively low tolerance for all carbohydrates and was 
the only one in which the limit of assimilability of dextrin was 
as low as that of sucrose. The average tolerance of the remain- 
ing three rabbits was 16.1 gm. per kilo. Occasionally the urine 
collected after the ingestion of dextrin was hydrolyzed and tested 
for sugar, but at no time was there an appreciable increase in 
reduction. 

Dextri-Maltose—The limits of assimilability of the carbo- 
hydrates ordinarily used in infant feeding having been deter- 
mined, it seemed desirable to study the effect of various mix- 
tures upon tolerance. Two commercial products, dextri-maltose 
Mead’s) and malt sugar (Borcherdt’s), were selected. Dextri- 
maltose is reported*® to contain 52.0 per cent maltose, 41.7 per 
cent dextrin, 2.0 per cent sodium chloride, and 4.3 per cent 
moisture, and is used as a food for infants and invalids. This 
preparation was fed to thirty-nine rabbits, twenty-one of which 
had an average tolerance of 14.5 gm. per kilo, while in eighteen 
the limit was not determined. Two animals received doses of 21 
gm. per kilo without the appearance of sugar in the urine. 
Several tolerated as much as 18 gm. per kilo without glycosuria, 
while the limit of assimilability in one was only 6 gm. per kilo 
and in two others, less than 9. Rabbit 2 received a dose of 13 
gm. per kilo, and 45 minutes later a second dose, 14 gm. per 
kilo, was administered. Neither the urine collected immediately 
before nor 33 hours after the ingestion of the second dose con- 


3 New and Non-official Remedies, 1919 
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tained sugar. Several weeks late rr. this animal tolerated “@ £10). 


per kilo of this preparation without exhibiting glycosuria. 

Valt Sugar.—Borcherdt’s malt sugar which is also a food for 
invalids and infants is reported’ to contain 87.0 per cent maltose 
1.35 per cent dextrin, 1.9 per cent inorganic salts, and 4.4 pr 


{ 


cent protein. This product was used with the view of ascertaining 


whether different proportions of dextrin and maltose would have 


any effect upon the assimilability of the mixture. Twenty-se 
animals received doses of this preparation In eleven rabbits 
I [\ 
I 1 
) \ 

1 13.0 16.0 
i 9.5 12 

9 11.5 16 .( 
LO 19.0 0.0 
12 11.0 15.5 
14 9.0 13.5 
iS 6.0 Ss U 
16 9.5 12.0 
IS 11.0 11.0 
19 12.0 18.0 
| 9 0 16.0 
93 13.0 15.0 
4 18.0 8.0 
bh ISO s.U 
} IS 19o ) 


tolerance ranged from 8 te 19 gm. per kilo, although in twel 


other animals doses ranging from 15 to 20 gm. per kilo did 
result in glycosuria. 

Table IV shows the relative assimilability of the two prep: 
tions in the same animals. 

An examination of Table IV shows that all fifteen of the 
animals which received doses of the two commercial preparations 
had a greater tolerance for malt sugar than for dextri-maltose. 
Rabbit 19 assimilated 6 gm. per kilo more of malt sugar than of 


‘ 
1 
hyit 


dextri-maltose, no diarrhea resulting in either case, while Rabbi 
21 tolerated at least twice as much of the former as of the latter 
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Numerous investigators have shown that the addition of meat 
to sugar increases the tolerance for the latter, and the presence 


of protein in malt sugar might account for its greater assimil- 





lity. ive cases of diarrhea without glycosuria occurred afte) 
he ingestion of malt s doses ranging from 18 to 19 gm 
| KIL SIX Cases Ol ‘a resul ead altel he mgestion ol 
(i IAT OS he tosses 7 nving ron 1] tO {) } De! k iO 
\\ | One CXC ? no sucay 1} ired i al 7 Ral hy) +5 
} hre doses ld IS. and 2O n a) kilo. re ( l ( 
dextri-maitose, all of which re | rrhe it sug ip- 
peared he urine on I ! 1} ingestion of 20 gm. per kilo 
from these experiments. 1t would seem that the 1 ( ibs ( 
:, 
ot the two preparations IS relatively siow, 
VWaltose Dextri The next step in the investigation wa 
actermination of th rorrance Or KNOWN mixtures OI Ccarbo- 
) ) \M 
! 17.5 16.0 13.0 14.0 
8) 20.0 11.5 11.5 
LO 19.0 19.0 
12 21.0 S 0 11.0 
L5 10.0 5.5 6.0 
19 18.0 12.0 
2] 18.0 9 0 
23 18.0 13.0 13.0 
34 20.0 + 17.5 -4 18.0 
35 20.0 + 18.0 + 20.0 
65 16.0 + 16.0 
66 16.0 + 16.0 


hydrates. The limits of assimilability of dextrin and maltose 
mixed in the proportion of 1:1 ranged from 13 to 16 gm. per kilo 
in four animals, the average tolerance being approximately the 
same as that for dextri-maltose. 

Table V shows the relative assimilability of maltose, dextrin, 
dextri-maltose, and a mixture of equal parts of maltose and dex- 


trin in the same animals. 
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| uppears that the tolerances for dextri-maltose and the aextrin- 
maltose mixture was less than that for either pure maltose or 
! 
L¢ ri 
* D Si) | bits | ea eC] hig 
, 
X ne iT 1Vve iOW olerance lor sucre 
ha tt assimilation limit of @ mixture ( 
| } | 4 +} 
2) arate would le somewnere petween ne jimits o 
L Sucr series of experiments was plant 
lor of sucrose-dextrin mixtures 
( ( { 
) ~ f) ri ) ~ 
) 50 s 
Z t.0 S.U 
| SO ‘ 
‘ S 0 9 0 
7) 6.5 5 lt 
} 7 {) 6H 0 {) 
1() 50 Hi 0 
14 Q () sO 
65 7.0 7.0 
Ob 0 5.0 
hs Ss 0 gy is.{ 
70 7.0 7.0 60 
71 6.0 5.0 
72 6.0 5.0 
13 8.0 7.0 


\ solution consisting of equal parts of dextrin and sucrose was 
used. The assimilation limits in nine animals ranged between 5 
and 9 gm. per kilo. Thirteen other rabbits received two or more 
doses of the mixture, but the smallest dose ingested by each 
still resulted in glycosuria. 

The limits of assimilability of sucrose, dextrin, and sucrose + 
dextrin (1:1) in the same animals are given in Table VI. 

An examination of Table VI shows that the assimilation 
limit of the mixture was less than that of sucrose alone in seven 
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cases, while the reverse was true in six cases. Dextrin tolerance 
was, without exception, two or three times greater than that of 
either pure sucrose or the mixture of sucrose and dextrin. 
Seven rabbits (Nos. 4, 19, 36, 39, 40, 68, and 70) had an average 
dextrin tolerance of more than 17.07 gm. per kilo and an average 
sucrose tolerance of 6.64 gm., while less than 6.64 gm. of thi 
sucrose-dextrin mixture was assimilated perfectly. Thirty-one 
rabbits had glycosuria after the ingestion of the sucrose-dextrin 
mixture and of these, twenty-five had sucrose in the urine; six 
had reducing sugar, and two had both. 

Glucose + Dextrin.—A series of experiments was planned to 


determine whether the addition of dextrin to glucose has any 


rAl V1Il 
\ 
, 

} 14 ) 16 0 10_0 

19 2? 0) IS_0O 16.0 

o] 2? 0 Is 0 15.0 

9 16 0 16 0 16.0 

74 10.0 14.0 

7S 16.0 IS | 16.0 

} 16.0 Hf Hf 
effect upon the tolerance of the latter. A solution consisting of 
equal parts of glucose and dextrin was used. The limit of as- 


similability was determined in five animals, the doses which just 
resulted in glycosuria ranging from 10 to 16 gm. per kilo, while 
eight animals ingested doses ranging from 12 to 16 gm pel kilo 
without sugar appearing in the urine. 

Table VII shows the relative assimilability of glucose, dextrin, 
and the glucose-dextrin mixture (1:1) in the same animals. 

Table VII shows that three of the seven animals had a toler- 
ance for glucose equal to or greater than that for the glucose- 
dextrin mixture, while in four the reverse was true. The dextrin 
tolerance was high in all animals, and, in those cases deter- 


mined, was greater than that for either pure glucose or the 


glucose-dextrin mixture. It appears, therefore, that dextrin 
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increase the assimilability of the latter. 
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carbohydrates in Rabbit 4. 


one-! 


During this time he had maintained an approximately constant weight, and 
appeared to be in a normal condition at all times 
this rabbit was found to be 5 gm. per kilo, reducing sugar o7 


the uring 
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. Graphic representation of limits of assimilability 
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had received a large number of doses « 
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during an interval of 33 a second dose of sucr 


months 



















































































idministered As previously found, reducing sugar appeared in the urin« 
This same dose was repeated 2} months late: 1 again red y gal 
was found in the urine. Apparently, repeated doses of sugar ! 
intervals had not affected the sucrose toleran¢ ! 
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Fic. 2. Summary of observations on urine: graphic representatio1 
the erage limits of assimilability of the various carbohydrate 
{ ompared with other rabbits, No. 4 had a relatively low sue1 toler- 
ance (5 gm. per kilo) and a fairly high dextrin tolerance (16 gm. per 
When the two carbohydrates were mixed in the proportion of 1:1, the as- 
similation limit of the mixture was found to be only 6 gm. per kilo Phe 
assimilation limit of inverted sugar in this animal was the same as that of 
sucrose, and since reducing sugar invariably appeared in the urine after 
sucrose ingestion, it is probable that the latter was inverted in the intes- 
tinal tract before absorption (Figs. 1 and 2 
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Irom Table Vil it appears that, fon the carbohydrates studied, 
tolerance in rabbits occurred in the following order of increasing 
issimilability: (1) sucrose; (2) levulose; (3) glucose; (4) maltos 
ind dextrin. 
While from the table maltose appears Lo by more issimilabl 
in dextrin, the reverse is probably true, since the tolerance fot 
the latter was so great that the limit of assimilabilitv cou 
determined except in a few cases 
[I] 
‘ J fe Chee a 
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ose-dextrin and glucose-dextrin mixtures were highly as 


similable, while the sucrose-dextrin mixture was the least assimil- 


ble of all the carbohydrates tested 
The limit of assimilability of the maltose-dextrin mixtures 
ave raged, on the whole, less than that of pure maltose o1 pure 
dextrin. 
Taking all the animals tested into account, the glucose-dextrin 


1 1 , , , 
mixture Was slightly more assimillapdle than pure giucose ind tess 
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assimilable than pure dextrin, but in five animals which received 
doses of all three preparations the average tolerance for the 
glucose-dextrin mixture was no greater than that for pure glucose 
and less than that for pure dextrin. 

Diarrhea rarely occurred unless the dose of carbohydrate ex- 


ceeded the assimilation limit. 
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In a previous communication by Mendel and Jones! feeding 
experiments with the various carbohydrates ordinarily used in 
infant feeding were reported. As determined in those experi- 
ments, carbohydrate tolerance in rabbits occurred in the follow- 
ing order of increasing assimilability: sucrose, levulose, glucose, 
dextri-maltose, Borcherdt’s malt sugar, maltose, and dextrin. 
Glucose, maltose, and dextrin were highly assimilable, but when 
dextrin was added to glucose and maltose in the proportion of 
an the 


oo2. the mixtures were, in some cases, less assimilabl t} 


pure sugars. A mixture of sucrose and dextrin in equal propor- 
tions was the least readily assimilable of all the carl o] vdrates 
tested. With these results in mind, two questions arose: first 
What relation exists between the sugar in the urine and that in 


the blood? and second, To what are differences in utilization 


In order to determine the relation between sugar in the urine 


ind that In the blood, a series of experiments Was planned tO 


study the composition of these fluids after the ingestion of com- 

The data in this paper were taken from the dissertation presented by 
Martha R. Jones for the degree of Doctor of Philosophy, Yale University, 
1920. Part of the expense of the investigation was defrayed by a grant 


from the Russell H. Chittenden Research Fund for Physiological Chem- 
try. 
t Research Fellow (1919-20) of the Boston Branch of the Asso tion 
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parable doses of the various carbohydrates under investigation 
Since the limit of assimilabilitv of sucrose is relatively lo or 


DAYTISONS were made on the basis Ot sucrose tol rance 


\ j o | 
| 
< I dete ft ‘ 
Most sat : swe \ | 
I I pipe 1 
\ r i ri 
me MacLean. ] 
ed w) - 
< rhe re t t ’ 
he re¢ n the coppel I e fl si h the 
ve! I ( i i ' } ~ hs 
é I her ( he g I : 
nh} Sil ( ve i I Vay (one ntag 
ther hod iat it requires about 40 minutes for each « { 
ent tests impossible he ervat neg 
( nd urine \ great ivantage tl the 1 hor 
! to the determinat Of sucr I e | \ 
m tl igulated blood 1 re was made 
i entrated HCI solution and gent b | r i , 
I vas stoppered and a long glass tube inserted to preve 
\t the end of 10 minutes the flask was plunged into ¢ 
ition titrated with NaOH of such a strength that ten droy 
tralized the ten drops of HCl used. One drop of phenolphthal 
sed as indicator. Since a small amount of water st by « ! 
the twenty drops of HCl and NaOH added did not materially change 
lume of solution. From this point the procedure was ex ! 
is that deser bed by MacLean The method was tested by idding 
quantities of sucrose to the blood filtrate and testing before and ( 
ersion Satisfactory results were obtained 
Blood samples were taken immediately before and 1 hou 


ingestion of the sugar solution, while urine was collected before and 2 hou 


ifter the administration of the sugar. In a few cases the blood 


lected at hourly intervals for 3 hours. As reported by numerous invé 


tigators, the sugar content invariably reached its maximum within the 1 
hour. Each rabbit was weighed and its normal urine collected and teste 


MacLean, Eis Biochem. . se 1919, xiii, 135. 
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differences in 


It was then fastened on the animal board ar 
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Maximut 
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blood 


Studies concerning glycosuria and diabet« 


small incision made in the marginal! ear vein, from which the blood w 
allowed to flow into a small weighing bottle containing ew grains 
powdered potassium oxalate times some difficultv was experier l 
I i a good flow of blood it this was overcome by warming the 
\ { lighted elect bulb As only 0.2 ce blood was 1 
; eT ery ul nt ( ected 5 i ¢ n t 
P ¢ oA tes ( te we s i 
} \\V } r hit \ 
Che ' 
’ 
/ Vi Blood S 
+4 +1 ; 1 4 L,] j 
rhe concentration ¢ ugar in e blood e] 
sixteen normal rabbits, the erage being 0.086 per nt. Tl 
highest blood sugar content exhil ed wu " s 0.116 
per cent, while two had a sugar concentration ol] nly 0.068 ! 
cent. The normal blood sugar ol ¢ ch animal Ss ested 
intervals until three or more determinations | n mad 
1 ° : > ] ] ] ] 
but the variations were found to b« egigibie and S I 
the limits of experimental error. 
For the rabbit he following data regarding 


sugar values 


probably due to the fact that the rabbit is an animal subject to 


P ( ambr dge > 




























510 Carbohydrate Metabolism in Rabbits. I] 


emotional and traumatic hyperglycemia to an unusual degree, 
and that the lowest figures are the most trustworthy. 

\ striking demonstration of extreme emotional hyperglycemia 
was obtained in one of our own animals. The rabbit was a 
voung male in excellent physical condition but was unaccustomed 
to close confinement or handling. When placed on the animal 
hoard he showed great excitement and his blood sugar had a 
concentration of 0.187 per cent. After the ingestion of 8 gm. 
pel kilo of glucose the blood sugar content increased to 0.264 


per cent, the highest ever obtained, accompanied by extrem 


elycosuria \ month later this animal’s blood sugar was again 
tested He still showed some excitement when handled but 
the blood sugar content was only 0.138 per cent Recent 


reports in which improved methods for the determination of 


blood sugar have been employed tend to show that the normal 


blood sugar content of the rabbit is much lower than originally 
thought, in fact, is very near the concentration in man. Allen 
asseris that it is not improbable that all or most mammals may 


he found to have a rather constant blood sugar content 


The Relation between Blood Sugar and Urine Sugar after the Ingese 


lion of Ce rlain Carbohydrate S. 


(; ONE | ight rabbits received one or more doses ol olucose 


between the sugar in the blood and that in the 


rine after the ingestion of glucose is shown in Table | 
Table I shows that hyperglycemia results after the ingestion 
of glucose, and that the degree, in the same animal, is propor- 


mal to the quantity ingested. Only after the concentration of 


the sugar in the blood reaches a certain degree does it escape into 
th rine According to Hamman and Hirschman‘ the blood 
sugar in man rises rapidly but seldom exceeds 0.15 per cent after 
U! ingestion of glucose. [It falls somewhat more slowl 0 tl 

Ol level, the whole reaction taking place in less than 2 hours 
‘If the blood sugar passes 0.18 per cent sugar usually appears in 
he urine, but sometimes appears at a lower level and at other 
In fails to appear even though 0.2 per cent is exceeded.” 


‘Han n. L., and Hirschman, I. I., Johns Hopkins Hosp. Bull., 1919, 
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Rabbit 114, which had no increase in blood sugar but marked 
sucrosuria after the ingestion of 7 gm. per kilo of sucrose, was 
given a second dose of the sugar (6 gm. per kilo) 5 days after the 
first. The blood sugar content increased from 0.07 to 0.121 per 
cent during the Ist hour, only reducing sugar being present 
The urine test showed marked reduction, with no increase afte 
inversion. One of two possibilities may have occurred. Eithe: 


the sucrose was completely inverted in the intestines befor 
absorption, or, if a small portion of the unchanged sugar found 


its way into the blood stream, an enzyme, evoked by th previous 





P 1 1 1 
dose of sugar may have inverted it Neither the dog nor the 
rabbit has sucrase in its normal serum Weinland® was abl 
renDne ited subcutaneous injections of sucrose i dogs to produes 
invertin in their serum In the present investigation t] re 
(yh) ri } { Pet | t 
( (Xo | 
' ‘ i | 
114 7.0 0 ONS7 0 07 1) ONO Ir 
ence of an amylase in rabbit urine alter the ingestion of sucrost 
has been repeatedly demonstrated No tests for sucrase, hov 


ever, were made, but it seems reasonable to assume that it might 
have been present. Rabbit 114 also received 7 fin. per kilo ol 
glucose. The blood sugar content rose to 0.138 per cent without 
glycosuria. ‘The fact that glycosuria resulted after sucrose inges- 
tion when the concentration of sugar 1n the blood was only U.12) 
per cent and did not result after glucose ingestion when the blood 
sugar content was 0.138 per cent indicates a relatively low renal 
threshold for invert sugar. 

Table II shows the relation of glycemia to glycosuria in thos 
animals which exhibited a lowered content of reducing sugar in 
the blood after the ingestion of sucrose 


5 Weinland, E., Z. Biol., 1906, xlvii, 279. 
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Table Ill shows the relation between glycemia and glycosuri 


in those animals which exhibited an increase in reducing sugar in 


the blood after the ingestion of sucrose. 
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twelve animals after the 


The 
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ingestion of 


one or 


more 


relation between the sugar in 


nd 108 showed marked sucrosuria wit! 
The Sucrose concentration in the Oot 
he concentration ol reducing sugal 
[If two distinct phenomer e ap 
normal total blood iccomy) ( 
é 1] | ) ii l nN 0 
both glycosuria and sucrosur 
t)} 
Li 87 
;> ts 
) 137 ( 16 
, 10 { 17 
0.144 { $4 
0.125 
blood Sugar content . determine | 


dost S ol ak XT 


the blood 


and that in the urine in these animals is given in Table IV. 


Table l\ 


presents, 


first, large doses of sugar resulting in relatively low hyperglyc 


In general, two 


distinct 


blo¢ rd 


pictur 


accompanied by glycosuria; second, large doses of sugar with 


little or 
In all cases except two 
resulted in an increase 


no increase in blood sugar and no sugar in 


Rabbits 104 and 112 
in blood sugar. 


Rabbits 


the urine 
an increase in dose 
105. 108. ie. 


and 116 ingested 14, 7, 6, and 10 gm. per kilo, respectively, with- 


out an appreciable increase in blood sugar or glycosuria resulting. 
Rabbits 103, 104, and 116 received 14 gm. per kilo each with 


only a slight increase in blood sugar although there was 


small 
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amount of sugar in the urine. 

sO slowly absorbed in these case 

value was not attained during t} 
Dextrin. 


of purified dextrin, only three « 


Owing to our inabil 





I] 


olism in Rabbits. 
It is possible that the sugar was 
s that the maximum blood sugar 
1e Ist hour. 

ity to obtain a sufficient amount 
Ral 109, 


loses were clven. ybits 


112, and 113 received 12, 10, and 7 gm. per kilo, respectively, of 
A So called che mically pure dextrin, but a different product trom 
that used in previous experiments. The highest blood sugai 
value attained was 0.145 per cent. Glyeosuria resulted in vO 
Cases, 
rABLE I\ 
1) 
, . I 
01 7.5 0 093 
102 14.0 0.09 0.116 Prac 
104 14.0 0 _OS7 0.106 
104 12.0 0 OS7 0.13 
1O5 14.0 0.112 0.121 
106 15.0 QO OSS ) 202 
106 10.0 0 OSS 0.108 
107 10.0 0 OS2 0.162 
107 60 0 OS2 0.142 
LOS 10.0 0 062 0 15 
LOS 7 .O 0.062 0.075 
{) 6 0 0 ON] 0 103 
111 6.0 0.116 0.127 
112 10.0 0.07 0) 125 
12 7.5 0.07 0.121 
1O 0 0 OS7 {) 
16 14.0 0.09 0.133 
16 10.0 0.09 0.09] 
Comparing the blood sugar values after the ingestion of glucos 
nd dextri-maltose it appears that comparable and even large 
doses of the latter result in relatively lower concentrations ot 
blood sugal Table \ In addition to the above carbohydrates 
Rabbit 109 received 12 gm. per kilo of pure maltose, the blood 
sugar content rising to 0.16 per cent 1 hour after the ingestion of 
the sugar. It seems that the glucose threshold value in this 
un s approximately 0.144 per cent, since a t of sugal 
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appeared in the urine when the blood sugar attained that concen- 
tration after ingestion of 9 gm. per kilo of glucose, and positive 
tests resulted when glycemia increased to 0.145, 0.16, and 0.186 
per cent after the ingestion of 12 gm. per kilo of dextrin, maltose, 
and glucose respectively. These relative values lend credence 


to the theory that polysaccharides are more slowly digested and 


TABLE \ 
( ’ Blo ‘ gar \ ile Sé { 
~ ( > 
109 | 0.086. 7.0 | 0.065 8) 0.144; 12.0 | 0.137] 12 0.145 
12 0.186 
110 | 0.085) 6.0 | 0.05 0 OS] 6 0.14 6.0 | 0.108 
S 0.212) 10.0 | 0.140 
111 0.116 6.0 | 0.055 |} 0.112) 6 0.168, 6.0 | 0.127 
s 0.25 | 11.0 | 0.17 
112 | 0.07 7.5 | 0.052 | 0.072; 7.5 | 0.142) 7.5 | 0.121 10 0.143 
10.0 | 0.125 
113 0.08] 7.0 | 0.144 | 0.144) 7 0.138 7 0.137 
114 0 O87 6.0 | 0.121 0.131 7 0.188 10.0) 0.105 
7.0 | 0.075 | 0.089 
116 | 0.09 7 0.165 10.0 | 0.091 
10 0.25 | 14.0 | 0.133 


absorbed than monosaccharides, and that upon the rate of absorp- 
tion depends the ability of the liver and tissues to utilize the 
excess. Two rabbits (Nos. 112 and 109) showed no higher 
blood sugar after the ingestion of 10 and 12 gm. per kilo of dex- 
trin, respectively, than after the ingestion of 7.5 and 9 gm. of 
glucose, which indicates slower absorption of the former. Rabbit 


113 had a blood sugar content of 0.137 per cent accompani d by 
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elycosuria after the ingestion of glucose, while a comparable 
dose of dextrin resulted in the same concentration of sugar in 
the blood but without glycosuria. This also can be explained on 
the ground of more rapid initial absorption of glucose, its max! 
mum value probably having been attained before the expiratior 
the nour 
In the few experiments in which two or more doses of glucoss 


given to the same animal, the sugar concentration in the 





blood invariably increased with the size of the dosé Sucrose in 
Ul same dosage as glucose, with one exception, resulted in 1 
increase in total blood sugat tiie eaucing sugar vbelne? 


' rrr | bys | 
id l Les 


\ ] 1} 
When ir IS ingested orally Its passage into the urine may 


den 


prevented in three ways: first, by the liver which converts it 


into glycogen; second, by the tissues which metabolize it; and 
t| ira, by the kidneys which fail to « xcrete it unless the concen- 
ition mn the blood exceeds a CeTTAL level 
Bernard established the theorv that the kidneys were essen- 
ly like a dam to a reservol The blood sugar could stand 
ermammn le vel without loss but if this I "s ] tor an reas 
should be raised the excess flowed over the dam until the origin 
height was restored. This conception is still common in th 
litarat haat . + . tycrat . ] on ae a 4} . — 
lite ure, but recent investigations show th in the norm 
organism the power to utilize sugar is practically unlimited. At 
, , at ee ae es ike 
ise in dose means an increase 1n utilization, and the quanti 
f sugar excreted 1s invariably an exceeding small proportion of 
he sugar ingested. In this respect the normal organism differs 


from that of the total diabetic in whom the kidneys regulate the 


by allowing the excess above a certail 


height of the blood sugar 
level to escape quantitatively in the urine. 

In a recent paper by Hamburger® observations on the per- 
meability of the kidney to various sugars were reported. From 
these experiments it appears that the kidney is perfectly per- 
meable to the three disaccharides as well as to fructose and levo- 


rotatory glucose. In perfusion liquids containing mixtures of 





* Hamburger, H. J., Brit. Me i, 1919 267 
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glucose and levulose, also olucose and lactose, both the levulose 


and lactose passed through the glomeruli quantitatively, while 


the retention of glucose was not altered. According to Ham- 
burger: “The two sugars are simply separated from each other as 
through a filter....’ Apparently, the glomerular epithelium 


has the power of retaining free glucose and distinguishing it from 
other sugars, a power which is governed by the influence of the 
chemical composition of the perfusion liquid upon the glomerular 
membrane. 

On the basis of this hypothesis most of the phenomena observed 
in the present research can be interpreted. Since the kidn Vv 
appears to be perfectly permeable To sucrose, levulose, and mal- 
tose, once they enter the blood stream they are excreted. Since, 
however, a maltase occurs in the blood, any maltose which 
escapes into the circulation is rapidly converted into glucose and 
none escapes into the urine until the concentration in the blood 
exceeds a certain limit. On the other hand, sucrose entering the 
circulation, as such, is rapidy excreted, since the normal blood 
serum contains no sucrase. The addition of dextrin to sucrose 
facilitated the passage ol the latter into the blood stream, and 
hence even relatively small doses grave rise to olyecosuria. The 
fact that sucrose was nearly always present 1n the urine after the 
ingestion of the mixture makes this seem more probable. That 
levulose is more assinilable than sucrose can be explained on 
the ground that less of it enters the systemic circulation, owing 
to its ready conversion into glycogen by the liver. This ussulnp- 
tion is supported by the fact that after parenteral injections of 
levulose relatively small quantities are utilized by the tissues. 
Since polysaccharides have to undergo hydrolysis in the iniestinal 
tract before absorption, it is reasonable to assume that absorption 
takes place more slowly after the ingestion of starch and dextrin 
than after the ingestion of glucose and maltose. Why a glucose- 
dextrin mixture in some cases had no greater limit of assimi- 
lability than pure glucose we are unable to say, unless in the 


presence of dextrin the preformed glucose undergoes more rapid 


absorption. 
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Kidney Function Test. 


Since the kidney is an important factor in preventing the 
escape of sugar into the urine, it seemed desirable to test what 
effect, if any, large doses of sugar have upon kidney function, and 
for this purpose the phenolsulfonephthalein test was employed. 

0.5 ec. of a phenolsulfonephthalein solution containing 3 mg. 
of the dye was diluted to 1 ce. with distilled water and injected 





subcutaneously into the rabbit immediately after the ingestion 
of 50 ee. of distilled water or sugar solution. The urine was 
collected in some cases after 2 hours and in others after 3 hours. 
Two or three drops of concentrated NaOH solution were added 
to the urine to develop the color and the volume was made up 
to 500 cc. with distilled water. The percentage of the dye in 
the urine was determined by matching the color in a Hellige 


ining 3 mg. ol 


colorimeter against a standard solution cont: 


phenolsulfonephthalein, 15 ee. of normal urine, and two or three 
drops of concentrated NaQH made up to a volume of 500 ee. 


Solutions of sucrose, maltose, dextrin, dextri-maltose, maltose 


dextrin, and glucose + dextrin were fed, the exeretion of the 
dye being well within the normal limits in all cases both tn the 
2 and 3 hour periods. Apparently, large doses of t! 

drates have no appre cliable effect upon kidney functiotr 


mined by this test. 
SUMMARY. 


Comparable doses of ecarbohvdrates PAVE rise © } ry ] emia 


he following order of increasing blood 


dextri-maltose, and glucose. 

Sucrose ingested in doses sufficient to 
sen d three distinct phenomena: l hYyp 
otal blood sugar content accompal ied by su - 

ow glycemia with high total blood suga m- 
panied by both glycosuria and = sucrosuri 

COMmMp: nied Dy olycosurila. 

In tl ew determinations made, maximum blood sugat les 

uned 1 hour after the ingestion of glucose and dextri- 

malto n increase in dose resulting, in general, in 


* content, 
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Vi HE PREPARATION OF HISTIDINE FROM BLOOD CORPUSCLI 
PASTE. 


i ( i HANIWI ARL | russ 
~ / 
f 
i | ~ = 7 
- i ICS HIS SUDS I ) 
Th¢ i | l Is 1 ! ( ! - 


x 1 l QO} ) | S 
, 
. Cl CESS () ( oor ’ 1 
nO tT101 th which we are tamillar is that devised | 1} 
i \ i\ i Depa ! ( ‘ Si yr} (| S 
| | 
( ( ( hicago lo. ~ O Was Torme Oo \ 
. Ss recel published a1 hor I ! 
’ ' | ' 
i INO 
\ ' 
\ f ~ ~ { rep ee ( - 
SSCs rhe | ) ( CC! ruc \ I l 
. L iv icld oO istidine « oride ma ! 
>” ‘ 
\ ot 10 ») Zo gL rom 2 ters ) I JUS 
| ] 
pas I { ! { presence ¢ mpurithl ! is 
dine dichtorid makes it ditheu 0 ob na go O } 
pure substance The n serious causes oO lif ¢ 
‘] ] 
( Hit OUOWINE 
l Che precipitation of humin and ferric hydroxicd Vy means 
fF endinm earl ee eg ee eee a. Even an experienced 
Ol ium Ccarponare is very ubhrenaoie., sven ane experrencea 


chemist may waste considerable time before the correct condition 


10] complete precipitation is obtained. By using lime in place of 





e removed entirely. 


sodium carbonate this difficulty can 
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2. The mercury salt of histidine has usually been prepared by 
adding sodium carbonate and mercuric chloride alternately until 
precipitation has ceased. We have found that the precipitation is 
always incomplete unless an excess of mercuric chloride is present 
from the start; that it is necessary to use far more mercuric chloride 
than has usually been employed; and that by using exact weights 
of mercuric chloride and sodium carbonate a uniformly complete 
precipitation can always be obtained. 

3. The final purification of the histidine dichloride by the 
previously described methods has been subject to considerable 
loss both of time and material. By recrystallizing the crude prod- 
uct from aqueous alcohol under exactly defined conditions, a 
very good yield of a perfectly pure final product is obtained. The 
process to be described has given an average vield of 15 gm. of 
pure histidine dichloride from 500 ec. of blood corpuscle paste, 
which is about four times the quantity that has usually been 


obtained. 


EXPERIMENTAL. 


l. Hudrolysis. Fresh blood corpusel paste,” 500 ee... is mixed 


- es 


with 1,000 cc. of 37 per cent hydrochloric acid in a weighed 3,000 


] ] } |} =" 1 } 
ASK and hydrolyzed DY 


ee. long necked, round bottomed Pyrex f 


boiling, under a reflux condenser, for 30 hours over an electrically 
heated asbestos bath. 

?, Removal of the Hydrochloric Acid.—The hydrochloric acid 
is removed by distillation zn o » at 60° from the same fias! 
The residue is finally dried at 100° for 2 hours to remo t 
vi rand acid as « ip] lv as pe | Che flask 1 ighed 
and the weight of the residu isually about 350 gm.—is obtained 

difference This weight is very important because the quan- 
ities of mereut rid | sodium « ( ised later in the 
pl rath po ‘This vil e ] I » | I is 
Residue 2 

, i moO | Ry T 2 is ) | ] 1 (MM) ¢ 
of water. The solution is treated with commercial finishing lim 
until the reddish brow recipitate formed at first assumes a ho- 
mogeneous clay color d o the preset of undissolved lime 
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The saturation with lime is necessary to insure a complete precipi- 
tation of the ferric hydroxide and humin. The mixture is treated 






























vith 500 ce. of 95 per cent aleohol and subjected to a distillation 
n vacuo at 40° until about 800 ce. of distillate have been collected 
This removes the ammonia completely. 

Removal of Humin and Ferric Hydroxid The mixture is 
filtered, on a 6 inch Buchner funnel, from humin, ferric hydoxide 
and excess lime, the precipitate being carefully washed with 
large volume—2,000 cc.—of a hot saturated aqueous solution of 
lime. The clear amber-colored liquid, which contains all the 
amino-acids as lime salts, is always free from iron when enoug! 
lime has been added. 

». Isolation of Tyrosine and Leucine.—The alkaline filtrate ob- 
tained under Section tis diluted to 4.000 ee.. heated on the wate! 
bath, and treated with 350 gm.‘ of solid anhydrous sodium car- 
bonate. The resulting mixture is agitated until all the sodium 


carbonate has passed into solution. This precipitates the cal- 





cium as calcium carbonate. The mixture is filtered promptly on a 
6 inch Buchner funnel and the precipitate is washed with 1,000 ce. 
of hot water. The filtrate, which should be free from calcium, is 
transferred to a 6 liter flask, cooled under the tap, and treated 
with 37 per cent hydrochloric acid until the liquid reacts neutral to 
litmus paper. Glacial acetic acid is then added until effervescence 
ceases. The solution is subjected to a distillation 7) acuo at 
50—60° until its volume has been reduced to about 800 ce. So- 
dium chloride crystallizes out toward the end of the distillation 
together with small quantities of tyrosine and leucine. The mix- 
ture is placed in the ice chest for 4 days which separates the tyro- 
sine almost completely, and considerable leucin hen fil- 
tered on a 5 inch Buchner funnel, the precipitate ng washed 
with 200 ec. of ice-cooled water. 

The precipitate contains about 50 gm. of leucine and 1.5 gm. of 


tyrosine together with a large quantity of sodium chloride. The 


‘The weights of mercuric chloride and sodium carbonate given here ar 


correct only when the weight of Residue 2 (p. 522) is 350 gm. The weight 
of this residue is, of course, dependent upon the quality of the blood cor- 
puscle paste. In case Residue 2 does not weigh approximately 350 gm 
the quantities of HgCl. and Na,CQO; to be used can be obtained by pr 


rt nh 
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separation of the leucine from the tyrosine and the further puri- 
fication of these two amino-acids can be most easily accomplished 
by the method of Habermann and Ehrenfeld. 

The filtrate, which contains the histidine, is diluted » exactly 
2,000 ec. It will be referred to as Filtrate 5. 

6. Precip tation of the Vercury Compou? 1 of Hist ne he 


filtrate from the tyrosine and leucine—Filtrate 5, volume 2,000 ce 


is divided into four equal parts.6 Each 500 ec. portion is trans- 
ferred to a 6,000 ce. flask and diluted with 1,500 ee. of water ihe 


further discussion will be limited to one of these portions r} 


other three portions are treated in a manner identi ( 
which will be described. 

Solid mercuric chloride—350 gm fo time 
Residue 2 which is present in this portion—is added to 
liquid. The mixture is heated on the water bath until the s 
mate has passed into solution. A small quantity of a g te 
brown flocculent precipitate is always present. This can be mor 
advantageously removed later. The liquid is cooled. The mer- 
cury salt remains in solution. A solution of sodium carhonate 
containing 70 gm.’ of anhydrous salt dissolved in 3,000 cc. of 
water, is carefully added to the above liquid. This p : 


the mereury salt of histidine in the form of a flocculent w} 


that settles readily leaving a clear supernatant liquid \ 
portion of this liquid should give no immediate preci 
it 1 Treat it} ‘ | } rarhonat hit ? The 

it is treated with a sodium carbonate solution he 


natant liquid is removed as compl tely as possible by ine 


glass siphon. Distilled water—about 4,000 ce.—is pour 


the flask, the mixture thoroughly agitated, and the pre 

allowed to settle. The supernatant liq ud is siphoned 

before. The mercury salt is washed seven times in this n 
[ Olation and Pur nmcatior of H ALLEL Dic oride. The 

hy he hie oft mereuru alt obla ned under Section 6 are coml 

6 liter flask. Hydrochloric acid—37 per cent—is then adde: 
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all the white solid has passed into solution. \ small quantity of 
a gray to brown flocculent precipitate is always left that will not 
dissolve in hydrochloric acid. The mixture is filtered through a 
large folded filter paper into a 2 gallon bottle The pale vellow 
filtrate is saturated with hydrogen sulfide under pressure which 
removes the mercury completely. The resulting mixture is fil- 
tered on a 6 inch Buchner funnel, and the clear colorle nitrat 

is subjected to a vacuum distillation at 60° in a weighed flas 


The resulting pale yellow, exceedingly stiff gum is freed from wate 


and hydrochloric acid as completely as possible Dy heating 
acuo at SO° for 2 hours. The gum so obtained—60 to 65 gn 


ved in 60 ee. of 37 per cent HC] by heating on the wat 


ath The resulting pale brown solution should be fre 
eryvstatiiine matte! ind Wil USUALLY remain clear tor aayvs 

kept at room temperature \ few erystals of histidine dich 

are added and the sides of the ve ssel scratched with a glass ( 
The erystallization of histidine dichloride is immediate and so 
COpPlOUs that the mass sets to the consistency of paste in the 
course of 10 minutes. The mixture is placed in an ice bath wher 
it is kept for 2 davs to complete the precipitation of histidine di 
chloride; it is then filtered on a 3 inch Buchner funn ry} 
white granular powder is washed first with about 50 ¢ ( 


37 per cent HCl and then with a cold mixture containing 20 


of 37 per cent HCl] and 20 ec. of aleohol After drving t LO 
for 10 hours, this solid, which is nearly pure histidine dichlorid 
weighs from 17 to 19 gm The following concrete exampl us- 


trates the further purification of this product 





Of the crude histidine dichloride, 30 em ire dissolve n ZU 
ec. of hot water Hot 95 per cent aleohol—200 e ided 
to the above aqueous solution. The liquid is heated on the water 
bath until the aleohol boils when it is filtered throug sma 

As g| ST Hil re tue Ss us ~ imum ¢ 
hat the mereur mpound t histidl Mi not washed suf t it 
iwrganic matter be mor 1ivantag s removed | 
It is bes ise two thickness« rly hard 
grade filter paper in this cas 
W he i he entire process | Ss ber na 
leoholic sol n wil I t Cl ne residue | ‘ 
present 1t consists 1 inorgank salt nese 
filtration that is carried out in any « to remove shre« te 


and bits of broken glas 
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folded filter into a 300 ec. Pyrex flask. The clear, nearly color- 
less filtrate slowly deposits large colorless plates of histidine di- 
chloride. To hasten the crystallization these first crystals are 
titrated with a glass rod. The mixture is allowed to crystallize 
for 24 hours in the ice chest after which it is filtered with suction 
on a platinum cone, the crystals being washed with 50 ce. of 
cold 95 per cent aleohol. The pure white product so obtained, 
after drying in vacuo over sulfuric acid for 48 hours, is 100 per 
cent pure histidine dichloride." The first crop weighs from 21 to 
22 gm. A second crop—about 6 gm.—of equally pure material 
can be obtained from the mother liquor from Crop 1 by repeating 
the above recrystallization with the same proportions of water 


and aleohol. 


‘ For a typical analysis see Koessler, K. K., and Hanke, M. T., J. Biol 


Chem., 1919, xxx1ix, 502. 
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VII. THE QUANTITATIVE COLORIMETRIC ESTIMATION OF HIS- 
TIDINE IN PROTEIN AND PROTEIN-CONTAINING MATTER. 


By MILTON T. HANKE anp KARL K. KOESSLER. 
| m the Otho S 1. Spraque Memorial Institute ar the De 


Patholoay, ly ve? ly of ¢ hi ago, ¢ / 


Received for publication, June 21, 1920 
INTRODUCTION, 


The Re lation of [midazole De r2 rate es to Ce rla } B ochemica 
Probl ms, 


The discovery of the imidazole nucleus in histidine gave rise 
to considerable speculation as to the possible mode of formation 
of this heterocyclic ring in living matter. The first suggestion 
as to its mode of formation was obtained from the then well 
known discovery by Debus! that glyoxal condenses with ammonia 
and formaldehyde to give imidazole. Windaus and Knoop? 
proved in 1905 that methyl imidazole is formed when glucose is 
allowed to stand for some time in the presence of zinc ammonium 
hydroxide. The work of these authors leaves little doubt that 
the methyl imidazole is formed by a condensation of methy! 
glyoxal and formaldehyde with ammonia, the two aldehydes 
having been previously formed from the glucose by the action 
of the ammonia. It is hardly necessary to say that the above 


condensations, occurring as they do only in the presence o 


high concentration of ammonia, can scarcely be claimed Lo ap- 
proach the conditions as we find them in living matter. The 
synthesis of imidazole derivatives by protoplasm may, never- 
theless, involve building stones similar to those employed in the 


laboratory. 


Debus H 1 n. Chem., IS5S, evil, 204, 
2 Windaus A., and Kn Op, F., Be 
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distillation zn vacuo at 60° from the same flask. The residue is 
finally dried in vacuo at 80° for 1 hour to remove the last traces 
of the free hydrochloric acid. 

1.—The residue is dissolved in 100 ce. of 


Re moval of Ammoni 
water and the solution treated with an excess of lime and 50 ee. 
of 95 per cent alcohol. The ammonia, alcohol, and some of the 
water are then removed by distillation zn vacuo at 40° (again from 
the same flask 

Removal of Humin.—The mixture is filtered, on a Buchner 
funnel, from humin and excess lime, the precipitate being care- 
fully washed with a large volume of hot water until the washings 
give a negative Pauly reaction. 

Preparation of the Phosphotungstates.—The alkaline filtrate 
is acidified by adding a slight eCXCeSS of hydrochloric acid. The 
resulting clear, amber-colored liquid is then evaporated to dry- 
ness on the water bath in a glass dish. The residue is transferred 
to a 300 ec. Pyrex Florence flask with a solution of 18 ec. of 37 
per cent hydrochloric acid in enough water to give a total volume 
of 100 ec. The resulting solution is heated on the water bath. 
To it are then added 100 ec. of a hot 15 per cent aqueous solution 
of phosphotungstic acid. The resulting mixture is digested for 
4 hour on the water bath. It is then allowed to cool slowly to 
room temperature, after which it is placed in the ice chest for 
{8 hours® and finally cooled in an ice bath for 24 hours. Phos- 
photungstates have usually been precipitated at room tempera- 
tures. Histidine phosphotungstate is far more soluble at 20 
than it is at 0 see experimental part). By conducting the 
precipitation at 0°, 0.00571 gm. of histidine remains in solution 
in 200 ec. of precipitation liquid ; a definite quantity that can be 
accurately corrected for. This quantity will be referred to later 
as the solubility correction blank. 

6. The Colorimetric Determination of Histidine-—The ice-cold 
mixture obtained under Section 5 is filtered with the aid of suc- 
tion, two thicknesses of filter paper and a platinum cone being 
used in preference to the Buchner funnel process deseribed by 
Van Slyke? The precipitate is washed freely with an ice-cold 
liquid containing IS ce. of 37 per cent hydrochloric acid and 


15 gm. of phosphotungstic acid in a total aqueous volume of 


Up to this point the method is essentially that of Van Slyke.’ 
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200 ec., the liquid having been previously saturated with histidine 
phosphotungstate. Since the wash liquid is already saturated 
with histidine phosphotungstate it can dissolve none of this 
substance from the precipitate. No correction, therefore, need 
be made for the solubility of the precipitate in the wash fluid 
The well washed precipitate finally obtained is transferred, 
with the paper, to a 1,000 ec. lipped beaker. Enough of a 3 N 
sodium hydroxide solution is then added to dissolve the pre- 
cipitate, a large excess of alkali being carefully avoided. The 
mixture is filtered through a folded filter paper into a 1,000 ce. 


1 


volumetric flask, and the beaker and _ filter pulp are thoroughly 
washed out with distilled water. The clear, pale yellow filtrate 
is finally diluted to 1,000 cc. This solution will be referred to 
later as the test / quid, The colorimetric determinations ar 
performed on this liquid according to the method previously 
deseribed by us.* The sodium phosphotungstate, which is always 
present in this liquid, does not interfere with the color productio1 


The following results have been obtains d by usit gy tpis n 


Hy 
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This, by table, shows that the 200 « of precipitat 
still contained the equivalent of 0.010 a histidine a ora 
which is equal to 0.0068 gm. of histidine bas Longer standing 
. . } } 1 1 
or cooling to 0° in an ice bath produced no change in this valu 


To ascertain the effect of rise in temperature upon the solu 
bility of histidine phosphotungstate, the mixture was allowed t: 
stand on the laboratory table for 24 hours at a room temperaturé 


that varied from 27-32°. Then 1 cc. of the clear supernataz 
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liquid was removed, neutralized, and diluted to 5 ce. as before. 
Of this solution 


0.50 ec. had a color value equivalent to 13.3 mm. (CR-MO 


This, by table, is equivalent to 0.0532 gm. of histidine dichloride 
0.0364 gm. of histidine base—for the entire 200 cc. of precipita- 
tion liquid. 

From this experiment it ts clear that histidine phosphotungstate 
precipitate Ss slowly and that its solubility is markedly n fluc ncead bay 
changes in temperature. 

Experiment B.—A precipitation was now conducted under the 
conditions specified by Van Slyke.’ Histidinedi chloride—0.1000 
gm.—was mixed with 82 ce. of water and 18 ee. of 37 per cent 
hydrochloric acid in a 300 ee. flask. The solution was then 
treated with 100 ec. of a 15 per cent aqueous solution of phos- 
photungstic acid. After standing for 2 hours in the ice chest 
crystals had begun to form. They were disintegrated with a 

| 


Piass rod. 


This gave rise to a rapid and copious precipitation of 


histidine phosphotungstate. After standing for 24 hours in the 
ice chest, 1 ec. of the clear supernatant liquid wis removed, 
neutralized, and diluted to 5 Of this solutior 
0) I ( | ! R-MO 
in 6.1 t t—MO 
This, by table, is equivalent to 0.012 gm. of histidine dichloride 
per 200 ce. of precipitation liquid. Longer standing in the ic 
( produced no nge | ine 
ul s is no ransterred to s kep 
I 2+ hnours \t h Cl Ol fis ( ( ( ~ ( = 
i rer Cu. | l ) ( | 
I uti 
) ( Vik 
} 1) 


This, by table, shows that the equival nt of 0.0084 gm. of | - 
dine dichloride—0.00571 gm. of histidine base—was left in solu- 
tion in the 200 ec. of precipitation liquid. 

This experiment shows that, to obtain a most complete and 


unlorm precipitation of Aistiaimne phosphotungstate undel iit 
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conditions specified by Van Slyke, it is necessary to cool the pre- 
cipitation mixture in an ice bath. The precipitation, although it 
1S slightly more complete when the concentration of phospho- 













ungstic acid IS 4.0 per cent than It iS When the concentration Is 


5 per cent, is not verv markedly influenced by t! 
| nhospnhot Ingsthk wi in the hauid. 
The } Or {) {cids upon the ( D 


‘ f \ ( PTCA ? S eielele 
Ss SsOived I! ec. of N HC] 1 he ~ ng s ition 


ited to exactiv 100 ce 


he test solutions were prepared by mixing 1 ec. of a 1 per cet 
istidine dichloride solution with 2 to 20 ee. of the standard 
evystine solution and diluting the resulting liquid to 100 « Phe 
colorimetric determinations were then carried out on 0.20 and 


0.40 ce. portions ot this Test solution 


| shows that when evstine 
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That the unsaturated sulfur atoms in cystine are 





responsible 


for the interference noted for large quantities of this substance 


is rendered highly probable by the fact that a solution containing 


equal parts by weight of sodium sulfide and histidine gives rise to 


a yellowish brown color with p-phenyldiazonium sulfonate that 


is only 10 per cent as intense as that obtained with : 


i 


lin ly t} 1 
aine solution. 


rABLE I 
] } ( eg re D 
l} 
0 20 10.0 
~ } 
0.40 20.0 
20 10.0 
‘ ~ t)} 
0.40 20.0 
)} PO 10 0 
6.8 i 
0.40 20.0 
0 °0 10.0 
t ~ yl 
0.40 20.0 
0.20 10.0 
OS 100 
0.40 20 0 
0.20 10.0 
G68 ?00 
0.40 20.0 


Effect of Leucine. 


Standard Leucine Solution.—Chemically pure leucine 


( 


‘ok 
tor 


14 


r distinct; 


» yellow. 


2 OOOO 


om.—was dissolved in 20 ec. of Nn HCl and the resulting solution 


diluted to exactly 200 ee. 
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The test solutions were prepared by mixing l ee. of a 1 per cent 
histidine dichloride solution with 10 to 80 ee. of the standard 
leucine solution and diluting the resulting liquid to 100 ec. The 


colorimetric determinations were then carried out on 0.20 and 


0.40 ce. portions of the test solution. 


rable Il shows that leucine does not interfere wit! 
metric determination of histidine until the ratio of leuci oO 
} } } } ] ] 
stidine has been 1 0 e extren vy exaggerated p Y ) 
114 ucine to | | clit While oO! wo ? yn? 
, : 
) ( 1) ) ] | rogethel yitn 1) i l 
0.20 10.0 10.0 
6.8 100 N 
0.40 0 20.0 
{ %() 10.0 lf) ¢ 
t ‘ nH} \ 
0 40 20 0 20.0 
0 290 10.0 9 6 
ts St) 
0.40 20.0 19.4 
] 
Color eiipeii 
1] 
Cil W 
tha ni } rstie acid ‘Aeipitate » helhhleved that 1 ht 
ie phosphotungstic acid precipitate, we beleved iat it mig 


be desirable to show that the presence of a ty pical a-amino-acid 
does not interfere with the quantity and intensity of color produced 


by histidine. 
Eff ct of A rgin ine. 


Standard Arginine Solution.—A solution containing arginine 
was prepared from salmon sperm by hydrolyzing with sulfuric 
acid and precipitating the arginine first with silver nitrate and 
baryta and then with phosphotungstic acid. The solution of 
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arginine sulfate obtained by decomposing the phosphotung 


with a cold solution of baryta and removing the barium wit 


slight excess of sulfurie acid had the following propertt Ss, 


lL. 2 Ce. FAVe 1.70 ce. of amino No at 2S and 792 mm 
solution must, therefore, have contained 0.571 em. of are 
per 100 ce. 

2. Of the above solution, 20 ce. were treated with O.1S8 ¢ 
picrolonie acid dissolved in 3 ec. of aleohol. The picrolo 
obtained after drving for 10 hours at 110° weighed 0.2893 
and decomposed at 233 

3. The solution contained no ammo! 

}. When LO ee. Ol the solution were mixed Wit! LD 
nd 12.5 gm. of KOH and hydrolyzed for 6 hours as spr 

al 
/ / | ( ) 
( ( 
( 
2) 10.0 1) 0) 
~ 115 
} (} LU } ) } 
0 20 Og , 7 
. 230 
0.40 1.0 19] 
\ S| iffier m) ’ ( 
of 0.1 n Hf WnINOn )] ( I ( 
0.571 pei ! ition oO 0 should 
ec. 4 he O.1 N d. 

Che test solutior ere prepared b gy | 
cent histidine dichloride solution with 20 and 40 ce. « 
ard arginine solution ind diluting the resulting } 
The colorimetric determinations were then carried ¢ 


1 


and 0.40 ec. portions of the test solution. 
Table IT] shows that ireinine does not interfere 
colorimetric determination of histidine until the ratio of arg 


to histidine has been raised to the proportion ot 34 arg) 


to 1 (histidine). Since a ratio of 6 (arginine) to | 
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the largest that has been encountered in any protein heretofore, 


ve conclude that arginine will not interfere with the colorimetric 


determination of histidine in any of the 


/ hié ( olorin elr c Est ma On oft 


known proteins 


Histidine pP 


( ase 
yup! te experiments were carried out on 5 g! O I l 
1? | y bry ] ‘ 7 hy t} ] itlir ; , +} nt? 
pul ed LUum-aried Caseln DY we method Outl ed | ne mtro- 
] 1*] 1 . . 3 ~ 1 
clue Che volume of the test liquid was 500 « Or this 
, 
SOLU 
—" Dr 
I | » 11.7 mr CR-MO 
2.4 * CR-MO 


The color was exactly like 


j ] . 4 
(uplicatre 


t 


j ] j 
checked 


é ractly. 


This, by table, is 


that produced by histidine. The 


equivalent TO 


0.0000234 gm. of histidine dichloride per 0.10 ce. or 0.117 gm. 


per entire 500 ec. of test liquid. 


histidine base in 3 gm. 


solubility of 


0.00571 gm. 


histidine phosphotungsta 


This is equal to 0.0796 gm. of 


of casein if no correction is made for the 


We have 


found that 


of histidine remains in solution in 200 ec. of precipi- 


tation liquid under these conditions; therefore casein—3 qn 


— . ° . 
rontarins OY OSS >] qm, of histidine wh CH 


Ede sti? . 


Weight dried at 110°, 
Precipitation volume, cc 
Volume of the test liquid, ce 
Colorimetric readings: 
0.10 ec. had a color value equivalent 
0.20 = = 
0.30 
Histidine dichloride by table, yn 
on base in test liquid, g” 
Solubility correction blank, g” 
Histidine in edestin sample, gm. 


er cent 


PA ®’ Y ce? t. 


~O | 


3.0000 
200.0 


1.0000 


0.126 
0.0856 
0.00571 
0.09131 
3 O4 






























i ie ee ee 








540 Studies on Proteinogenous Amines. VII 


Horse Hemoglobin.” 


Sample 1.—Horse hemoglobin—1.9000 gm.—that had been 
dried in vacuo over sulfuric acid for 48 hours, was analyzed for 
histidine by the method outlined in the introduction. The 


volume of the pale yellow test liquid was 1,.000ece. Of this solution 


0.10 ec. had a color value equivalent t 12.0 mn CR-MO 


0 2) é ‘““ sé “ ‘“ “ “ 94 (0 ““ ( R VIO 


The color was exactly like that produced by histidine ‘| his, by 
table, is equivalent to 0.24 gm. of histidine dichloride—0.1632 


om. of histidine base—for the entire 1,000 ec. of test liquid. Chis 
value must be raised by 0.00571 gm.; the solubility correctior 
blank: there fore ho se he moglobir 1.9OOO am. conta \ 
of h etadine pl ec} Q eg j 1] iy 8.9 p r Ce nt. 
Sample ?13__The air-dried material—2.0000 gm.—was dried 


n vacuo over sulfuric acid for 48 hours. The solid so obtained 

1.8664 gm.—was heated to constant weight at 110°. The final 
product—1.8430 gm.—was then analyzed for histidine by the 
previously described method. ‘The volume of the test liquid was 


1.000 ee. of which 


This, bv table, is equivals nt to 0.226 gm. of histidine dichlorid 


om. of histidine base—for the entire 1,000 ee. of tes 


0.1536 
liquid. To this must then be added 0.00571 gm., the solubil 


, . y] 7 y 7 , 7 
eorrectiol blank: theretore This mpl 0 horse hemodtloow 
a A 
} 1 , . , , 
, sf) contained 0.1595 am, of] fod hic 4 j 
Sf ) Ce f 


Cat Hemoglobin. 


Duplicate analyses were carried out on the same sample. 


rl r variet hemoglobin were kindly furnished by W. H 
Welker, Professor of S rik hemist1 University of Illinois 
\ledical Department 

Che ¢ mp P| nd 
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Weight air-dried, gm fore 2 0000 
' vacuum-dried, gm 1.8742 
dried at 110°, gn . L S561 1.1142 
Precipitation volume, « 200 .00 100.0 
Volume of the test liquid, cc 1,000 .00 1,000.0 
Colorimetric readings 
0.10 ec. had a color value equiva- 
lent t 11.2 mi 6.8 
0.20 ec. had a color value equiva- 
lent t 9 22.4 13.6 
Histidine dichloride by table, gm.. 0.224 0.156 
base in test liquid, gm 0.1522 0 O92 
Solubility correction blank, gm.. 0.00571 0 .OO2Z85 
Histidine in hemoglobin sample, gm. 0.1579 ) O09 
Histidine in hemoglobin sample, pe 
N hig » He oalohi 
Weight vacuum-dried, gm > COOK 
Precipitation volume, ce 200 0 
Volume of test liquid, cc 1,000 
Colorimetric readings: 
0.10 ec. had a color vaiue equiv ilent to 12.5 mi CR-MO 
00 « ‘“ c O ‘ ‘ ‘ a5) « CR-MO 
Histidine dichloride by table, gm 0. 250 
base in test liquid, gm 0.170 
Solubility correction blank, gm 0.00571 
Histidine in hemoglobin sample, gm. 0.17571 
per cent. d.¢ 
(Jr He moalob ) 
Wi i1T iried ? { } 
vacuum-dried, gm 1.2690 
dried at 110 yn ~— 1 2542 
Precipitation volume, « 150.0 
Volume of test liquid, « 000.0 
Colorimetric readings: 
0.10 ce. had a color value equivalent to.. 7.0 mr CR-MO 
a) 20 “e ‘es “ “ se ae ““ 14 {) +e (‘'R MLO 
Histidine dichloride by table, gm 0.140 
base in test liquid, gm 0.0952 
Solubility correction blank, gm 0 00428 
Histidine in hemoglobin sample, gm 0.09948 
go per cent, 7 Yo 
rl sample charred slightly while it was being hyd rt 
therefore, be somewhat 
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a hol Blood Vormal H “nar 


\\ hole blood exactly 10 ce. to which a few crystals ot am- 


monium oxalate had been added to prevent coagulation, Wiis 


mixed with 15 ee. of 37 per cent hydrochloric acid and hydrolyzed 


in the customary manner. The resulting liquid was then ana- 
lyzed for histidine by using the method outlined in the introduction. 
200) { 


Precipitation volume 


Volume of test liquid, « LOOO 0 


Colorimetric readings: 
0.10 ec. had a color value equivalent 11.1 mm. (CR-MO 
{) () “ sé “ee ia a (a) sal 29 9 ( R MIO 
Histidine dichloride DY table, gm. U.222 
base in test liquid, gm.. 0.1516 
Solubility correction blank, gm 0.00571 
Histidine in 10 ec. of blood, gm.. 0.15731 
100 ™ 1.5731 


Blood Ne rvion Normal Human 


Whole blood—about 30 ce.—was drawn into a centrifuge tube 
and allowed to clot slowly in the ice chest. The mixture was 
centrifuged to free the serum as completely as possible from 
fibrin and blood cells. The perfectly clear, pale yellow serum 
exactly 10 cc.—was withdrawn by means of a pipette, mixed 
with 15 ce. of 37 per cent HCl, and hydrolyzed in the customary 
manner. The resulting liquid was then analyzed for histidine 


by using the method outlined in the introduction. 


Precipitation volume, cc 200 .0 
Volume of test liquid, cc 500 .0 
Colorimetric readings: 
0.25 ec. had a color value equival nt to 6.5 mm. (CR-MO 
” “ 3.6 “ CR-MO 


0.50 
Histidine dichloride by table, gm 0.0260 
base in test liquid, gm 0.01767 
0.00571 


Solubility correction blank, gm 
0.02338 


Histidine in 10 ce. of serum, gm 
“ “100 “ és ‘<< gm 


0.2338 
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synthetic culture medium. We stated at that time, that the 
method as it was employed in the bacterial metabolism studies 
was not applicable, in its entirety, to more complex mixtures 
such as blood and urine. The present communication contains 
the deseription of a purely chemical method by means of which 


the histamine content of tissues and other protein-cont uning 


matter can be accurately determined. 
r. De scription of the Vethod. 


1. Preliminary Treatment of the Material—A dry solid was 


sually hydrolyzed immediately without preliminary tre: 


\ hvdrated Tissue, like blood, liver, or hypophysis, Was mixed 
with sufficient aleohol to give a final aleohol concentration of 
t fs per cent. \ few drops of acetic acid wert then added and the 


esulting mixture was heated on the water bath for 1 to 2 hours. 
to extract the free histamine and to coagulate the proteins. The 


mixture was then cooled and filtered on a Buchner funnel, the 


residue being washed with 95 per cent alcohol. This divides 
the material into two fractions, the alcoholic extract A and 


bl due R. Kach fraction is then freed from al- 


" ? 
-—JNSOLMDI 1¢s 


] 


. } 
OHO 
cohol by heating on the water bath after which it is ready to 


hydrolyze. 
2, Hydrolysis. The dry solid is mixed with ten to twenty 


parts ol 20 per cent hydrochloric acid and hydroly zed | boil- 
ing, under a reflux condenser, for 30 hours over an electrically 
heated sand bath. 

3. Removal of the Hydrochlo c Acid.—The hydrochloric acid 
is removed by distillation in vacuo at 60° from the same flask 
The residue is finally dried in vacuo at 80° for 1 hour. 

(. Removal of Ammonia.—The residue is dissolved in ten to 


entv parts of water and the, solution treated with an excess of 
7 | 


lime and a volume of 95 per cent alcohol equal to one-half the 
volume of the water added. The mixture is then subjected to 
a distillation in vacuo at 40° until its volume has been reduced to 
about one-half. This removes the ammonia completely 


). Removal of Humin. The mixture is filtered, on a Buchner 


funnel, from humin and excess lime, the precipitate being caref 
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washed with a large excess of hot water until the washings give a 
negative Pauly reaction. 

6. Pre paral on of the Phosphotungstate s—The alkaline filtrate 
is acidified by adding a slight excess of hydrochloric acid. The 
resulting clear liquid is then evaporated to dryness on the wate 


bath in a glass dish. Because of the variability in the quantit. 


and quality of the original protein-containing matter, & concise 
statement cannot be made as to the amount of phosphotungsti 
acid to employ. In general, 4 gm. of phosphotungstic acid are 
sufficient to precipitate the hexone bases from 1 gm. of dry pro 


tein. A quantity of phosphotungstic acid equal to twice the 
weight of the total solids of a hydrated tissue is usually sufficient 
to precipitate completely the hexone bases In ll cases the 
concentration of the hydrochloric acid should he 9 ec. of the 
37 per cent acid per 100 ce. ot precipitation liquid. Che fina 
volume of the precipitation liquid should not exceed 2,000 ce. 
The phosphotungstat« Ss are prepare d at water bath te mperatures 
and the mixture is then allowed to cool slowly to room tempera- 
ture after which it is cooled in an ice bath for 24 hours and filtered 
with suction. The precipitate is washed with an ice-cold fluid 
containing 18 ec. of 37 per cent hydrochloric acid and 15 gm. of 
phosphotungstic acid pel total aqueous volume of 200 ec 

‘i. Decompo {107 of {} Phospl otungdstates., The phospho- 
tungstate precipitate which contains the histamine, together wit! 
histidine, arginine, lysine, cystine, tyramine, and possibly ot] 
amines, is suspended in a large volume of hot water—4500 
tOOO ce. and treated with an excess of a hot saturated solution 
of baryta. The resulting mixture is digested for 1 hour on the 
water bath, after which it is cooled in tap water and filtered o1 
Buchner funnel, the precipitate being thoroughly washed wit! 
hot water. The filtrate is heated on the water bath and freed 
from excess barium by the careful addition of N HoSQs. Phe 
mixture is filtered hot through a folded filter. The filtrate, 
which should contain a trac of barium, 1s then evaporated to dry- 
ness in a glass dish. The residue is dissolved in the smallest 
possible quantity of water, the solution transferred to a grad- 
uated evlinder, and made up to the smallest convenient volum 
10 to 100 ee. Liquid 7 
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8. Extraction of Histamine with Amyl Alcohol. First Colori- 
metric Determination.—10 ec. of Liquid 7 are transferred to a 
glass-stoppered, shake out bottle? mixed with 3 gm. of solid 
sodium hydroxide, and extracted six times with redistilled* amyl] 
alcohol using 20 ec. for each extraction. The combined amy! 
alcohol extracts are then extracted five times with Nn H»SO 
using 20 cc. for the first and 10 ec. for each of the remaining four 
extracts. This process is repeated until all Liquid 7 has been 
extracted. 

The combined acid extracts are heated on the water bath and 
exactly neutralized with baryta. The hot mixture is filtered 
from barium sulfate, and the filtrate evaporated to dryness In a 
small glass dish. This residue contains all the histamine. Be- 
cause of the concentrated character of Liquid 7, a very small 
quantity of the amino-acids also passes into the amyl alcohol as 
sodium salts. A colorimetric determination is always positive 
at this point, because of the presence of histidine. ‘To remove 
the histidine entirely, the residue obtained above is transferred 
to the shake out bottle with 10 cc. of water, the solution treated 
with 3 gm. of solid sodium hydroxide, and extracted with amyl 
alcohol as above. The sulfuric acid extracts finally obtained are 
neutralized exactly with baryta. The mixture is filtered from 
barium sulfate and the filtrate, which should contain no barium, 
is evaporated to dryness in a small glass dish. The pale yellow 
residue is dissolved in water and diluted to 25 or 50 cc. Hista- 
mine is then estimated colorimetrically in this fraction using the 
method previously described by us.' If the colorimetric test 
indicates the presence of histamine, the remaining liquid is 
treated according to Section 9 below. If there is the slightest 
reason to believe that some of the histidine has again been ex- 
tracted by the amyl alcohol, which will be apparent from the 
speed of the color development,' a third extraction with amyl 
alcohol should be carried out. When these extractions are 
properly conducted the histamine always passes quantitatively 


into the amyl alcohol. 


? For a detailed description of this extraction process see Koessler ana 
Hanke pp. 025-529. 


[t is best to distill the amyl] aleohol 7 l 
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small quantities of other substances that give a very similar 
color reaction. ‘These substances are at least partially removed 
by the precipitation with silver nitrate and baryta. 

10. Extraction of Histamine by Means of ¢ hloroform and Meth yl 
Alcohol. Third Colorimetric Determination.—The liquid obtained 
under Section 9—20 ec.—is evaporated to dryness in vacuo in a 
500 ee. long necked, round bottomed flask. The perfectly drv 
residue is treated with 10 ec. of chemically pure methyl! alcohol 
and 0.50 gm. of potassium hydroxide. The alkaline liquid is 


then treated with 200 ec. of redistilled chloroform and placed in 


the ice chest for 15 hours. The mixture is filtered through a 
small folded filter. The precipi ate is washed with 200 c« of 
hot chloroform. The chloroform extracts are mixed with a few 


drops of 37 per cent HCI and subjected to a vacuum distillation 
to remove the chloroform and the methyl! alcohol. The residue 
is dissolved in water and redistilled in vacuo to remove the methyl] 
alcohol completely. The residue finally obtained is dissolved 
in water, diluted to 20 ec., and examined colorimetrically for 
histamine. 

A final purification of the histamine by means of chloroform in 
doubtful cases seemed desirable because of the fact that chloro- 
form, although it dissolves histamine, will riot dissolve many 
substances that are soluble in amy! alcohol. We tried first to 
extract histamine from the dry residue obtained by evaporating 
a histamine solution—1 ec. of a 1 per cent solution—with 2 gm. 
of sodium carbonate. The quantity of histamine that passed 
into the chloroform varied from 60 to SO per cent of the starting 
material when the extractions were carried on for 24 hours in a 
Soxhlet extractor under apparently identical conditions. 

When lime was used in place of sodium carbonate, only 27 per 
cent of the histamine passed into the chloroform. 

We tried then to extract histamine from an alkaline aqueous 
solution by means of chloroform. This proved to be imprac- 
tical because histamine is too soluble in water and too little 
soluble in chloroform. Such an extraction would be almost 
endless. 

The following principles are incorporated in the successful proc- 
ess that was described in detail above. Methyl alcohol is a 


good solvent for histamine, salts of histamine, and potassium 
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hydroxide. When methyl alcohol is used in conjunction with 
potassium hydroxide, the histamine is brought nto solution as 


f ‘ee base: so there is no possibility of its being occluded | Vy chio- 


ee 


roform-insoluble substances. The addition of chloroform to t] 


methyl aleohol solution of histamine precipitates inorganic salts 
and most of the potassium hydroxide but the histamine remains 


;, 
In solution. 


Histamine Quantitativelu Precipitated by Phosphi 


Led Phosphotungstie acid—37 gm.—and 37 per cent hydro- 
chloric acid—45 ee.—were dissolved in water and the solution 
is diluted to 500 ee. Histamine dichloride* solution—0.50 e 


of a 1 per cent solution—was then added to the above liquid. 
‘| he resulting mixture was cooled in an ice ath for 2 hours and 


filtered with suction. The precipitate was suspended in 200 ce. 


of hot water. The remaining steps were carried out as described 
in Section 2 Part I. The residue finally obtained was dissolved 
in water and the solution diluted to 100 ce. Of this solutior 
0.20 ec. had a color value equivalent to 7.5 mm CR-MO 
{) 10) = si is = se = = 15 () _ Ckh- MIO 


which, by table, is equivalent to 0.0050 gm. of histamine dichlo- 
ride, 100 per cent of the amount introduced. 
From th 8 EL pe rament it would seem that histam re phospho- 


/ inastate 78 pract cally insoluble n the prec p fat on ] gu d employ ( 


at a temperature of 0°. This conclusion was verified by perform- 
Ing a qualitative Pauly reaction on 10 cc. of the filtrate from the 


} 


histamine phosphotungstate. The reaction was entirely negative. 

2. Histamine Quantitatively Precipitated by Silver Nitrate and 
Baryta.—The liquid obtained above—100 cce.—which still con- 
tained 5 mg. of histamine dichloride, was precipitated with silver 
nitrate and baryta as described in Section 9, Part I. The liquid 


‘See Koessler, K. K., and Hanke, M. T., J. Am. Chem. Soc., 1918, xl, 
1716, for a description of the method used in preparing the histamine 


dichloride. 
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finally obtained after removing the silver and barium from the 


silver precipitate, was diluted to 100 ce. Of this solution 


1 a 
» AO « l ( Lo! iT ju ‘ i »> mn ‘a. VO 
0 40 15.0 “ CR-M¢ 


which, by table, is equivalent to 0.0050 gm. of histamine dichlo- 


nie seat: ; 
ride for the entire test liquid, 100 per cent of the amount origi- 
1] : > ] ] 
nauyv introauced 
Th ( pe Pile if Droves that } fap? nit €Cl] - 
lated ¢ ) ate and ba la ru {} CO? } 
a00 


3. Extraction of Histamine by Means of Chloroform and Metl 
Alcohol. Histamine dichloride solution 1.00 ee. of a l per cent 
solution Was evaporated to dryness n vacuo in a SOO ec. long 
necked, round bottomed flask. The dry residue was then treated 
as described in Section 10, Part I. The residue finally obtained 
} ‘ 


DY distillation of the chloroform extracts Was dissolved in wate! 


and diluted to 100 ee. Of this solution 


0.10 ec. had a color rT t oe % CR-MO 
i 0) PO 14 4 CR-MO 
which, by table, is equivalent to 0 0096 gm. of histamine dichlo- 
; 
: ride, 96 per cent of the amount originally introduced 


/ Che searel r histar WwW ould seem supe 
HuoUus I ] Vel oT O} rie \} ind ku 8) ( 
} 1 ] 
re eC! LIne a to | i at ( ] It Ov T | { - 
] ] | ] ] 
4 ally Sil iar homologue ( muen CASEI ego? all n 
, . , . ; ‘ , 
and edestin. We were not entirely convinced that the phvsiolog- 
yily et! 1 , | itt ey his - 
{ I 1 s Ss Ice { wUned ile ( ( Lu O} \ l 
mine, because they did not identify their substance as histamine 
4 1 ] | { 4h. P > ‘ 4 a 
' chemically and becauss he presence of this amine as a normal 
+} } 4 | 1] r oa4 
‘constituent of a pure protein, that has not been allowed to putre 
i ' ; i es ; i 
+ seemed rather improbable. Since casein of high purity is 
5 


Abel, J. J nd Kubot S., J. Pharmacol. and Exp, The 1919 
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prepared, we decided to use this protein as one check on the 
accuracy of our method. 


Analysis of Casein for Histamine. 


Carefully purified casein—40 gm.—prepared from fresh 
skimmed milk, was mixed with 800 cc. of 20 per cent hydro- 
chloric acid and hydrolyzed by boiling for 30 hours. 

The hydrochloric acid, ammonia, and humin were removed 
as described in Sections 3, 4, and 5, Part I. 

The phosphotungstates were precipitated from a total volume 
of 2,000 ce. with 150 gm. of phosphotungstic acid. The pre- 
cipitation liquid contained 180 cc. of 37 per cent HCl. 

The phosphotungstate precipitate was suspended in 4,000 cc. 
of hot water and freed from phosphotungstic acid, excess barium, 
ete., as described in Section 7, Part I. The final volume of 
Liquid 7 was 20 ce. 

The double amy] alcohol extraction of Liquid 7 was carried out 
as described in Section 8, Part I. The final volume of the test 
solution was 200 ec., of which 0.20 cc. had no color value and 
1.00 ec. gave a pale green color that was quite unlike that of an 
imidazole and which resembled that produced by ammonia and 
the aliphatic amines. An accurate comparison with the stand- 
ard indicator solution was, of course, impossible. By comparing 
intensities, the green color was found to have an intensity value 
equivalent to about 3.0 mm. (CR-MO). 

There can be little doubt that this sample of casein contained 
no histamine. If the above green color is, nevertheless, ascribed 
to histamine, 0.0008 gm. of this amine, calculated as hydrochlo- 
ride, is the maximum amount that could have been present in 
10 gm. of casein. 

The remainder of the test liquid was evaporated to dryness in 
a small glass dish. The residue was dissolved in 2 ec. of water 
and the solution injected into a cat that had been anesthetized 
and prepared so that a blood pressure and respiratory tracing 
could be obtained at the same time. The tracing obtained, 


§ In obtaining the blood pressure tracings in this and in the subsequent 
work we enjoyed the aid of our colleague, Dr. Julian H. Lewis, which we 


herewith thankfully acknowledge. 
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Fig. 1, shows that the injection produced a drop in blood pressure 
entirely similar to that produced by histamine. Some subst ance 
or substances are present that behave very similarly to histamine 





Itc. 1. Blood pressure tracing obtained by injecting the entire amyl 
alechol extract and 40 gm. of casein into the femoral vein of a cat. 


q pharmacologically. We have, therefore, been able to verify the 
: pharmacological findings of Abel and Kubota as illustrated in 
Fig. 16 of their article; but we cannot conclude with them that 


casein contains histamine. 
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Histamine That Has Been Added to Casein Can Be Recovered 
Quantitatively. 


To be certain that our method would recover a small quantity 
of histamine and that our conclusions concerning casein were 
correct, another experiment was conducted on 40 gm. of casein 
exactly like the one that has just been described excepting that 
0.01 gm. of histamine dichloride was mixed with the casein 
before hydrolysis. The final volume of the test liquid was 100 
ec., of which 

0.05 ec. had a color value equivalent to 4.0 mm. (CR-MO 


—e +e « “ “ $.0 “ (CR-MO 
ome" «“*# « « * “15.2 “ (CR-MO 


The color for the 0.05 and 0.10 ec. portions was exactly like 
that produced by histamine. The color obtained with the 0.20 
cc. portion was slightly yellow, and, as can be seen from the above 
value, there was a slight interference with the color production 
in this case. Since the values obtained with the two smaller 
portions checked exactly, the calculations were based upon the 
0.10 ce. portion. The reading obtained is equivalent to 0.0107 
gm. of histamine dichloride for the entire test liquid which is 
107 per cent of the amount actually introduced. Hydrolyzed 
casein alone gave a green color, the intensity value of which was 
equivalent to 0.0008 gm. of histamine dichloride. This quantity 
must, therefore, be subtracted from the above gross value to 
obtain the amount of histamine dichloride actually recovered 
which is 0.0099 gm. or 99 per cent of the amount actually intro- 
duced. 

From these two experiments we conclude that the method gives 
reliable results and that casein contains no histamine although a 
substance pharmacologically similar to histamine can be split from 


casein by acid hydrolysis. 








Se ae 


A NC EPA 
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IV. The Method A pplied to Human Blood Serwm afte r the Addition 


of Histamine. 


Human blood serum*—75 cc.—was mixed with 0.50 cc. of a 
| per cent solution of histamine dichloride. The resulting solu- 
tion was then treated with 225 ec. of 95 per cent aleohol and a 
few drops of glacial acetic acid. The mixture was digested for 1 
hour on the water bath, cooled to room temperature, and filtered 
with suction, the coagulum being washed with 95 per cent alcohol. 
This divided the material into two fractions, the alcoholic extract 
A and the alcohol-insoluble residue R. 


Alcoholic Extract A. 


The alcoholic extract was freed from water and alcohol }\ 
distillation in vacuo at 50°. The dry residue was treated with 
100 ec. of 20 per cent HCl and hydrolyzed as usual. The material 
charred considerably during the process of hydrolysis. 

The hydrochloric acid, ammonia, and humin were removed as 
described in Part I. The phosphotungstates were precipitated 
from a total volume of 200 ce. with 15 gm. of phosphotungstic 
acid. The phosphotungstate precipitate was suspended in S00 
ec. of hot water and freed from phosphotungstic acid with baryta. 
The final volume of Liquid 7 was 10 ce. The double amy! alco- 
hol extraction of Liquid 7 was carried out as described in Part I. 
The final volume of the test solution was 50 ec., of which 


0.10 ee. had a color value equivalent to 5.2 mm. 


CR-MO 
020 6 « «eK ‘< “ “gn « CR 


MO 


The color was exactly like that produced by histamine; but the 
two readings did not check exactly. A precipitation with silver 
nitrate and baryta was, therefore, conducted to remove the 
interfering substances. 

The precipitation with AgNO, and baryta was carried out as 
described in Section 9, Part I. 


The final volume of the test liquid was 50 ec., of which 


0.10 ec. had a color value equivalent to 5.2 mm. CR-MO 
7 * - : a w.3 “ CR-MO 
A sample of this serum was analyzed for histamine by the direct process 


lescribed on p. 544. The serum contained no histamine. 
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This, by table. is equivalent to 0.0035 gem. of histamine dichlo- 
rick 

Alcohol-I nsolubl Re sidue R. 

The dried material was mixed with 200 ce. of 20 per cent HC! 
and hydrolyzed as usual. 

Che hydrochloric acid, ammonia, and humin were removed as 
deseribed in Part I. 


The phosphotungstates were precipitated from a total volume 


of 400 cc. with 40 gm. of phosphotungstie acid. The precipitate 
was suspended in 2,000 ec. of water and freed from phospho- 
tungstic acid and baryvta. The final volume of Liquid 7 was 
HY ee 


The double amyl alcohol extraction of Liquid 7 was carried 
out as described in Part I. The final volume of the test solution 
was 50 cc. of which 1.0 ec. had an intensity value of 4.2 mm. 
The color was far too yellow for histamine. A further purifica- 
tion of this fraction was effected by means of a silver precipitation. 

The precipitation with AgNO; and baryta was carried out as 
described in Section 9, Part I. The final volume of the test 
liquid was 50 ee., of which 

0.50 ec. had a color value equivalent to 2.1 mm, (CR-MO 
10« “« « 6 6 “49 « (CR-MO 


The color was too vellow for histamine but the time of develop- 


ment was correct for this imidazole. This, by table, is equiva- 
lent to 0.0003 gm. of histamine Cl. for the entire test liquid. 

In this experiment, 3.5 mg. of histamine dichloride appeared 
in the aleoholic extract and 0.3 mg. appeared in the alcohol- 
insoluble residue. The total recovery was 3.8 mg. Since 5 mg 
were originally introduced, 1.2 mg. of histamine dichloride were 
lost somewhere in the process. We have previously shown 
that histamine is readily adsorbed by charcoal. The alcoholic 
extract A charred considerably during the process of hydrolysis 
so it is possible that the 1.2 mg. of histamine Cl, were adsorbed 
by the charcoal formed at this time. To prove that this state- 
ment is correct, the following experiment was carried out in which 
the possibility of charcoal formation was entirely eliminated. 

The same sample of blood serum—75 ce.-was mixed with 
0.50 ec. of a 1 per cent solution of histamine dichloride. The 


resulting solution was treated with 225 ee. of 95 per cent alcohol 


and a few drops of glacial acetic acid. The mixture was digested 
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for 1 hour on the water bath, cooled to room temperature, and 
filtered with suction, the coagulum being washed with 95 per 
cent alcohol. The alcoholic extract A was evaporated to dryness 
in a small glass dish. The residue was transferred to the shake 
out bottle with 10 ce. of water and the solution treated with 3 
gm. of solid NaOH. 

A double amy! alcohol extraction was then carried out® as 


] 


deseribed in Section &, Part a The final volume of the test 


liquid was 100 ec., of which 
0.20 ce. had a color value equivalent to 7.2 mm. (CR-MO 
0.40 © ~ . ad o 14.4 ° CR—-MO 
Phi color was exactly like that produced D\ histamine. Chis. 
by table, is equivalent to 0.0048 gm. of histamine dichloride. 
Since the alcohol insoluble residue was previously proved to 
idsorb the equivalent of 0.0003 gm. of histamine dichloride, the 
total recovery 10 this case was 0.0051 om. Aas against 0.0050 om. 
ictually introduced. 
This leaves little doubt that the 1.2 mg. of histamine dichloride 


that were lost in the hvdrolvsis expe rime! had been adsorbed 


the charcoal that was formed during the process of hydrolysis. 
SUMMARY. 
|. A colorimetric method des ( 
; sca: ’ -4 a 2 oe . 7 
‘] antites oO HistammMe =I AZOLVE 1\ rhiine as smail as VU. 
7; | : 
5 0 in be urately determine tin proten nd protein-contau 
x 
| g matter. 
. 2 rl presse ( ol his il nor | 
: +() On. ¢ ( in n\ this ] no 
3. Casein contains a depresso ss l ( 
~ Ii ph rmacologi ill 
| Histamu tl has been ld - I ore the latte 
dro] ( Ie rec e] | mui ] it} 
- mar ° = . . 
5. The presence of histamine could not be demonstrated in 
70. ee, of human blood serum by this method 
; 6. Histamine that has been added to the blood serum before 


latter is hydroly Zed can hye recovered quantitatively. 


We wish to call attention t the I t that in this case Steps 2 t ‘ 
the general process described in Part I have been eliminated. Although 
| ] ] } 
Ss process is very simple and rapid it can be used onlv to estimate loosely 
nb ned his Per tay ne histamine ild mr ybat ly not pass int 
A 
; 
| e am i 
is 











STUDIES ON PROTEINOGENOUS AMINES. 


IX. IS HISTAMINE A NORMAL CONSTITUENT OF THE 
: HYPOPHYSIS CEREBRI? 


By MILTON T. HANKE ann KARL K. KOESSLER 


} J , ( ( 
ae t June 21, 1920 
| pT ) 
1] | | +. f f 4 1] 
ihe physiological itv Of extracts o he hypophysis has 
os : 
peen aA subiect of constant Investigation since Oliver ar ad Schnatel 


] 


discovered in 1895 that such extracts had the power of raising 


, r 
the blood pressure ol animals on intravenous Injection Howell, 
3 vears later. brought experiment il proof that s only the 
DOSTE } 0 the h pophvsis which possessed THIS presso! 
{ { 7 : 4+} 
on ifs ¢ i110n Of pressure seemed to ‘SU ] he 
direct tion of thi CT1VE substance upon the Involuntary muscle 
nd a es without the intervention of the svmpa- 
thet nervous systen nis specifie affinity ot t! 1 eC pril 
1 { f l } . } 
1) a) The Nvpopnnys Oy! meal STROOTN use ( ~ 
nfirned anew through the important discovery of Dale that 
. : ‘ 

nituit \ wt} ; ys ( t hye ; Wit ray producing mTeyr eCOoONnTT 
) ) tT} ter I} cle TION oO his OXVTOC] i¢ ( eld To 
! duction ntuital extracts into human tl peutics 
S17 THOT the isolat on of the clive principle orth i pOpNVSsIS 

: ’ , 

is been repeatedly attempted by biochemists Although ou 
nov ledar has been greatly increased | these investigations 
the actual chemical Composition Of The tive principle of the 


' pophysis is still unknown. 
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There are two facts that seem to stand out from the sum total 
of these investigations. The active principle of the gland behaves 
like an amine, and it seems always to be associated with an 
imidazole derivative. These two chemical properties claimed for 
the active principle of the hypophysis, in conjunction with the 
physiological activity of the extracts on the uterus, suggested a 
connection with 8-imidazolylethvlamine (histamine). Since this 
amine is derived from histidine by decarboxylation, Barger 
suggested that “The pituitary active principle is possibly a 
poly peptid like derivative of histidine.”’ Decarboxylated poly- 
peptides of this type have been synthetized by Guggenheim who 
proposed for them the name peptamines. They show the same 
physiological behavior as the amine from which they are derived; 
but to a much less degree. 

This whole question seemed to be definitely settled in a very 
simple manner when Abel and Kubota published a paper 1n 
which they state that “histamine is the plain muscle-stimulating 
and depressor constituent of the posterior lobe of the pituitary 
gland.”’ This statement is based upon the actual isolation and 
identification of 18 mg. of histamine dipicrate from 1 pound of 
dried substance of the whole pituitary gland. It is difficult to 
accept the conclusions of these authors, because of the differences 
in chemical as well as physiological behavior of pituitary extracts 
and histamine. 

There is a widespread conception that histamine is avery labile 
substance. Thus, for example, Myers and Voegtlin*® suggested 
recently in connection with some work on the chemical isolation 
of vitamines that the physiological activity of a crystalline 
product containing histamine or histamine-like substances was 
destroyed by drying. This certainly does not hold true for 
histamine; for this amine loses none of its physiological activity 
when it is dried at room temperature or at a temperature of LOO 
IN) alr or 77 aco, We have shown In a previous publication‘ 
that histamine, when it is heated on the boiling water bath with 


concentrated sodium hydroxide for 7 hours, is only destroyed to 


2 Abel, J. J und Kubota, S J. f3 r a? [xf The ap. 1919 
245. 


Myers, C. N., and Voegtlin, ‘ P \ { S 1920 


4 Koessler, K. K., and Hanke, M. 1 J. Biol, Che 1919, xxxix, 539, 
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while 10 hours of boiling with hot 
concentrated hydrochloric acid leaves the histamine unchanged 


that the presso! and oxytoci 


completely destroved even by) 


room temperature, while the 


phy sidlogical activity ol histamine on bronchi and blood pressure 
was not in the least impaired by the same treatment. The dif- 


ACTIVITY of the extracts of the hy pophy SIs 


with especial regard to their broncho-cor 


| 


been admirably discussed by Jackson and 


experiments on cases of diabetes insipidus in man have show: 


+ 


pituitary extract in suppressing the 


hye duplicated by injections of histamine 


wheal produced on application otf 


man cannot be obtained with 


We have developed quantitative methods, in our laboratory, 
histamine and other imidazoles in tissues 
methods to a detailed study of the 
in the animal organism at the time of th 
Abel and Kubota. Considering the 
of the hypophysis problem it seemed 


o extend our research to the hypophysis From. th 


we have to conclude that th 


no histamine. Still there ¢ 


Kubota isolated histamine fron 
the pound of pituitary substance which they secured in a drm 
question 1s, how did the histamu 


material used by these investigators? 


¢ 


putre active microorganisnis; al 
constituent ol practically all protein of 


used at the slaughtes houses 








560 Studies of Proteinogenous Amines. IX 


preparing dried glandular products gives ample opportunity for 
changes, both autolytic and bacterial. Our work on the relation 
of histamine to peptone shock (page 567) emphasizes again how 
essential it is to control bacterial action and how imperative it is 
to work only with material that has been prepared by the investi- 
gators themselves. 

We have been able to demonstrate the presence Ol histamine 
in the liver and feces of one dog by the method used in the present 
investigation and we expect to report on this phase of the work in 
the near future; but we were unable to demonstrate the presence 


of the slightest trace of histamine in the hypophysis. On the 


DaSiS8 of this work. thre claim of Abel and Kubota lo ha é fe i} 
hastamaine the lain muscle stimulating and depressor const f of 
} / 
thre posterior lohe ot the piturta 7 lar ad seems { dnite abl 
EXPERIMENTAL, 
( eC eM 

Phe pe rfectly fresh glands— beef ere collected at Swift and 
Company’s Chicago plant. They were trimmed free from ex- 
— : { woelohed ‘ ] Iran) 1 int hoiline heolit 
raneous issut welgned, and dropped into boiling absolute 

‘ - ? 
aleohol approximately 25 minutes after the animal had beer 
struck. The total weight of the moist glands was 346 om. 

The aleohol was removed by distillatioz at 40 Phe 
residue was put through a food chopper. The finely divided 
naterial was they digested ror 2 ours ith 2.000 ee. ot 75 pe 

ees, ee ee Se ee pee - eee oe 5 

) 1cono a) \ cn i ( () : j eT cid had een 
idded. The uxture was cooled and filtered with suctio1 
residue being washed thoroughly with 95 per cet leohol his 

; Bo : 
divided the material into two fraction: tI ileohohe extra \ 
nd the aleohol-insoluble residue } 
/ | ( } ln / ( | 
' oe } —— . 1] 

Che aleohol and water were removed by distillation 27 acuo 

- a = “eae ee ae ee ae aut ghvtedies 

dU Lhe residue was emulsined wl not water ana diluted 
to 140 ec. in a graduated eyvlinder. This fraction might contain 
histamine either free or in the form of a peptamine. Sines 
seemed desirable to know not « much histamine w 
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present but also the form in which it was present in the gland, 
this fraction was divided into two equal parts. One-half was 
extracted directly with amy] alcohol without hydrolysis, the 
other half was hydrolyzed, treated with phosphotungstie acid 
ind then extracted with amyl alcohol. 

Loosely Bound Histamine. Von-H ydrolyzed Llcoholic Evrtract 
1.—This fraction which was not hydrolyzed, was extracte 
with amyl alcohol, 10 cc. at a time, as described in Part I of thi 
preceding article, page HA. The combined imyl alcoho 


tracts were then extracted with n H.SO,,° the acid extracts neu 


tralized with baryta, the mixture was filtered from BaSOs;, and 
the filtrate evaporated to dryness in a glass dis] Che residuc 
as transferred to a shake out bottle with 10 ce. of water. So 


dium hydroxide—3 gm.—-was added and the liquid extracted 


six times with 20 ee. of amyl aleohol. The combined 


aleohol extracts were extracted with n HoS¢ 5, using 20 ec. tor the 


first and 10 ec. for each of the remaining four extracts ‘he acid 
extracts were neutralized with barvta, the mixture was filtered 
from BaSO,, and the filtrate, which was free from barium. was 
vaporated to dryness it small glass dish. The residu 
lissolved in wate e solution transferred to a 50 graduat 
precision evlinde) nd diluted with water to 50 Of thi 
( ( 

he color resembled that produced by hist p 
its time of development which was too rapid fo stamine 
Chis, bv table, is equivalent to 0.001 em. of histamin hlorid 

ne entire es liq 1 

the remaining liquid was subjected to a phosphotungs 
precipitation as described in Sections 6, 7, and 8. Pat ( 
preceeding paper \ colorimetric determination showed that 
ill the ‘olor-producing substance had been precipitated by the 
phosphotungstic acid 

Che details of this pro ‘ ~ ns , of the pre- 
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The liquid was then subjected to a precipitation with silver 
nitrate and baryta as described in Section 9, Part I, of the pre- 
ceding paper. 

Che fraction precipitated by silver was finallv brought to a vol- 


ume of 50 ce. Of this solution 


0 50 ec. had no perceptible color valu 


1 OO ce. gave a very lamt green color 


Chis would indicate that the color-producing substance that 
was soluble in amyl alcohol and precipitated by phosphotungstic 
acid could not have been histamine because it did not aive 1) 
nsolubli lie compound, 

The silver filtrate, which contained the color-producing sub- 
stance. did not contract the excised virgin guinea pig uterus. 

We conclude, therefore, that the perfectly fresh hypophysis 
contains no loosely bound or free histamine 

Peptamine Histamine. Hydrolyzed Alcoholic Extract A.--This 
fraction—-70 ec., one-half of the entire alcoholic extract A—was 
nixed with 70 cc. of 37 per cent HCl and hydrolyzed by boiling 
for 30 hours over an electrically heated sand bath. The material 
was freed from HCl, NHs, and humin, precipitated with phos- 
photungstic acid,? and extracted with amyl alcohol as described 
in Sections | to 9, Part TI, of the preceding paper. 


The final volume of test Liquid 8 was 100 ce., of which 


0 SO ce, | color value equivalent to 2.7 mm. (CR—-MO 


m * +s 7 ‘ sé ss ‘ . & ‘ ( R VIO 


Che color resembled that produced by histamine excepting in 
its Thme ol development which was too rapid for histamine. 
Chis, by table, is equivalent to 0.00074 gm. of histamine dichlo- 
ride for the entire test liquid. 

the remainder of the above solution was subjected to a preeipi- 
ion with silver nitrate and baryta as deseribed in Section 9 
Part I, of the preceding paper. The fraction precipitated by 


was finally brought to a volume of 50 cce., of which 


0.0 ¢ had a color value equivalent to 2.0 mn CR-MO 
Te ‘ ‘38 “  (CR-MO 
recip 250 90 om. of phos 
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This, by table, is equivalent to 0.00025 gm. of 
ride for the entire test liquid. 

The remaining liquid was evaporated to dryness 
was dissolved in 5 ce. of water. Of this solutior 
contract the excised virgin quinea pig uterus This 
the alcoholic extract f om. the hypophys s conta 
Che slight eolor value of this fraction, which 
equivalent to 0.00025 gm. of histamine dichloride 


have been due to some physiologically mer 


FP } 
could not have heen due to h lamine, 


] 
Recap fulatior . 


The 75 per cent alcoholic extract from 346 21 


VSIS does hot contain histamine 


The A leohol-I) sal ible hee S die IR. 


The dry residue, which weighed 132 gm., 


Koessler 


jiki 


Yedct 


1,500 ce. of 20 per cent hydrochloric acid and hydrolyzed 


customary manner, 
The material was freed from HCl, NHe. and 


cipitated with phosphotungstic acid!? as desert 


1 to 8, Part I, of the preceding paper. Thi 


obtained from the phosphotungstate precipitati 


and large in volume. Fully 300 ce. of water wet 
bring this residue into solution. This would hi: 
many amy! alcohol extractions that a new procedure 


The solution was treated with 20 gm. of anhydrous 


bonate. The resulting liquid Wis evaporated on 


and the residue dried for 48 hours in vacuo over 
The perfectly dry, brown solid Was then extracted 


form for 


rial into two fractions, the chlo ofo m extract, which 


tain most of the histamine, and the chloroforn 


The volume of the precipitation hquid was 2,000 


1 


phosphotungstie acid were employed 





hu 


2? hours in 2 Soxhlet extractor. This divide 


nh 


1? 


hl | 


residue 
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The Chloroform Extract. 


The combined chloroform extracts were evaporated on the 
water bath. The residue was dissolved in water and diluted to 
50 ce. Of this solution 1.00 cc. gave a faint green color that could 
most certainly not have been produced by histamine. The 
solution was evaporated to dryness. The residue was dissolved 
in water and diluted to 5 cc. Of this solution, 1.00 cc. did not 
contract the excised virgin guinea pig uterus. 

This proves that the chloroform extract, which should certainly 
have contained some histamine if any had been present in the 
original solid, was entirely free from histamine. 


The Chloroform-I nsoluble Residue. 


lo be perfectly certain that the histamine had not been ad- 
sorbed by the solids in this residue so that none of it was extracted 
by the chloroform, the solid was extracted three times with hot 
95 per cent alcohol, using 200 ec. for each extraction. The 
combined alcoholic extracts were evaporated on the water bath. 
The residue was dissolved in water, the solution treated with 
sodium hydroxide, and the alkaline liquid extracted as usual 
with amyl aleohol. ‘The test liquid finally obtained had a volume 
of 50 ec. of which 


0.20 ec. had an intensity value equ valent to 5.0 mm CR-MO 
Lo «< 6 “ - 66 $ “RQ * CR—-MO 


\s can be readily seen, the above values are worthless because 


the 1 ec. portion gave almost the same color as the 0.20 ec. por- 


tion. To eliminate the interfering substances, a silver precipita- 
tion was now conducted as described in Section 9, Part I, of the 
preceding paper. The final volume of the test liquid was 25 ec., 


of which 


0.10 ee. had a color value equivalent to 8.2 mm. (CR-MO 
020" «6 « “ “16.2 “ (CR-MO 


The color was brown, attained its full intensity almost imme- 
diately, and was perfectly stable so that it did not resemble the 


color produced by histamine in any particular. If, nevertheless, 
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the color value is calculated as histamine dichloride, the presence 
of 0.00275 gm. of this substance is indicated. 

That the above color value was not due to histamine was 
proved as follows: 

l. 1 ec. of the test liquid did not contract the excised virgin quinea 
pig uterus. 

2. That the substance responsible for the color production 
was different from histamine chemically was proved by subject- 
ing the remainder of the liquid—23 ce.—to the chloroform 
methyl! alcohol purification described in Section 10, Part I, of the 
preceding paper. The residue finally obtained was dissolved i 
water and diluted to 23 ce. Of this solution 


0.50 ec. had a color value equivalent to 8.6mm. (CR-MO 


] mM) * oe “<< a“ se se sé 17 0 ‘és ( R MIO 


The color was like that previously obtained and not like that 
produced by histamine. By table, this would be equivalent to 
0.00057 gm. of histamine dichloride for the entire test liquid, 
which is the maximum amount of this amine that could have 
been present in the entire 346 gm. of moist glands originally 
employed. That histamine could not have been responsible for 
even this slight color value was previously proved by the fact 
that the liquid after the silver precipitation did not contract thi 
excised virgin guinea pig uterus. 


CONCLUSION, 


Perfectly fresh beef hypophysis does not contain histamine 















































STUDIES ON PROTEINOGENOUS AMINES. 
X. THE RELATION OF HISTAMINE TO PEPTONE SHOCK, 


By MILTON T. HANKE ann KARL K, KOESSLER 


he f—) N 1. Sp gue Mer 7 J fute a f KD) é 
Patheloon. Us ter of Chkcans. Chidoas 
| } ; 1 | On 
ect ry on Ine — bihct 


INTRODUCTION. 


The discovery that the intravenous Injection Ol proteose- 
peptone into animals produces profound systemic disturbances 
of shock-like character was made by Schmidt-Muhlheim!' and 
Fano? in the laboratory of Ludwig. Ludwig and his pupils were 
studying the mode of absorption of proteins from the intestinal 
tract, their fate, and their resynthesis in the animal organism. 
In an endeavor to settle the question whether proteins are mainly 
absorbed as proteoses or peptones or as amino-acids, proteose- 
peptone solutions were injected into the circulation of animals 
dogs). While the primary inquiry was not definitely answered 
by these experiments, they resulted in the observation that the 
animals injected showed a very marked fall of blood pressure, 
veceleration of lymph flow, incoagulability of the blood, sub- 
normal temperature, increased frequency of respiration, and a 
state of loss of consciousness peptone shock 

In interpreting this toxic action of the proteose-peptones two 
distinct views have crystallized from the work of a large number 
of investigators.2? One group believes that the toxicity of the 


proteose-peptone is a property inherent in the molecular struc- 


Schmidt-Muhlheim, A irch. Pj ( ISSO, 33. 

Fano, Arch. Phystol., 1881, 277. 

lor the complete literature of the subject see Chittenden, R H 
Mendel, L. B., and Henderson, Y., Am. J. Physiol., 1898-99, ii, 142; and 
especially Underhill, F. P., and Hendrix, B. M I, Biol. Che 1915 


xxl, 443. 


nay 
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ture of these products of protein digestion. The other group 
ascribes their toxic action to the presence of contaminating 
substances which can be extracted from the proteose-peptone 
mixture; the latter thus freed from the supposedly true poison 
is said to have no physiological activity. Brieger’s peptotoxin,* 
Pick and Spiro’s peptozyme,’ and Popielski’s vasodilatin® are 
substances of undetermined chemical composition that are sup- 
posed to represent the poison which can be separated from the 
peptone. Though the work of Nolf, Underhill, Zunz, and Gibson 
seemed to have proved definitely that proteose-peptones of 
vegetable as well as of animal origin are toxic in themselves, the 
doctrine of a separable toxin in peptone has been recently revived 
by Abel and Kubota,’ who state that histamine (s the toxic agent 
of Witte’s peptone. A possible relation of 3-imidazolylethylamine 
to peptone shock had been previously suggested by Dale and 
Laidlaw,* who emphasized the great similarity in the symptoms 
of peptone shock to those produced by the injection cf histamine. 
The whole symptom-complex of peptone intoxication was revived 
and the older work on this subject brought again to the attention 
of the biologists through the studies of Biedl and Kraus® on 
anaphylaxis. They recalled first the striking resemblance of the 
symptoms produced in animals sensitized to a certain protein on 
reinjection of this protein with the syndrome obtained by Lud- 
wig’s pupils on peptone injection. In a later publication they 
consider anaphylaxis as a true peptone intoxication. Dale and 
Laidlaw never regarded the correspondence of Svmptoms as a 
sufficient basis for theoretical speculations. That they are still 
of the same opinion can be seen from the following statement in 
their paper on histamine shock."® 


4 Brieger Be. t . physiol. Chem., 1882-83. vil, 274 For a eriticisn if 
Brieger’s peptotoxin work, see Salkowski, E., Vircho Arch. path. Ar 


IS91, exxiv, 409 
> Pick, E. P., and Spiro, K., Z. physiol. Chem., 1900-01, xxxi, 255 
® Popielski, L., Arch. ges. Phystol., 1909, exxvi, 485. 
7 Abel, J. J., and Kubota, 8S., J. Pharmacol. and Exp. Therap., 1919 


xl, 245 
8 Dale, H. H., and Laidlaw, P. P., J. Physiol., 1910-11, xli, 318 
9 Bied], A., and Kraus, R., Wien. klin. Woch., 1909, xxii, 363. Kraus, 
R., and Levaditi, C., Handbuch der Technick und Methodik der Immunit- 
tatsforschung, Jena, 1911, 1, 255-290. 
Dale. H. H., and Laidlaw, P. P., J. P/ 1919 
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{he existence of these points of community, in the action of sub- 
stances so utterly unrelated chemically as histamine and certain metallic 
ions, forbids any assumption that the production of similar effects, by 
unknown constituents of some organ or tissue, indicates the presence 
therein of histamine itself, or of any substance chemically related to it 
rhe similarity depends on the fact that all act on the endothelium, and 
produce in it changes probably of the same general type. A hint, as to 
what the nature of these changes may be, is possibly provided by the fact 
that the anaphylactic reaction, more especially in those species in which 
histamine exhibits this type of action, also presents the picture of an 
icute endothelial poisoning. All available evidence goes to show that 
the anaphylactic antibody is of the nature of a ‘‘precipitin,’’ the inter- 
iction of which with the corresponding antigen results in a change in the 
state of dispersion of the colloidal particles.”’ 


Abel and Kubota, though well acquainted with Dale and Laid- 
law’s paper, take the view that histamine is present wherever 
living protoplasm exists, or at least wherever protoplasm is 
killed. Believing that it makes its appearance wherever a true 
protein is disrupted by enzymes, acids, or other hydrolytic agents, 
they believe they have demonstrated its presence in ereptone, 
Witte’s peptone, casein, and edestin. Traumatic shock, ana- 
phylaxis, Vaughan’s protein poison, the active principle of the 
posterior part of the hypophysis, and many other questions of 
fundamental importance to medicine they believe are settled on 
the basis of the presence and physiological activity of histamine. 
To bring about the solution of all these questions in such a 
simple manner is so suggestive and attractive that it is only with 
a certain sense of reluctance that we venture the opinion that 
the far reaching conclusions of Abel and Kubota are not justified 
by the data of their experimental work. In only one case have 
they actually demonstrated the presence of histamine; namely, 
in a dried commercial sample of hypophysis glands. 

We have discussed the relation of histamine to the hypophysis 
problem in the preceding paper. In working on the presence 
of histamine in protein products Abel and Kubota used two 
commercial preparations, ereptone and Witte’s peptone. Phys- 
iological tests made with solutions prepared from an impure 
picrate led them to believe that the shock poison of ereptone and 
Witte’s peptone is histamine. The results obtained with these 
commercial preparations are directly transferred to peptone 










































570 Studies on Proteinogenous Amines. X 


shock in general. Bacterial putrefaction was not excluded in the 
preparation of the protein derivatives used; thus the fundamental 
question, so far reaching for this whole problem and recognized 
as such by the above authors in the introduction to their paper, 

namely if histamine can be formed in the absence of bacteria by 
the enzymatic activity of organ cells alone, is still unanswered. 

Vaughan’s poisonous protein fraction is not identical with his- 
tamine, for its toxicity is completely destroyed by boiling with 
dilute (3 per cent) hydrochloric acid,’ while heating histamine 
with concentrated hydrochloric acid for 10 hours on the boiling 
water bath leaves the imidazole compound intact,'* and does not 
impair its toxicity. 

To expect a similarity in physiological action from compounds 
having a similar chemical structure is logical and justified by 
evidence; but to conclude from a similar pharmacodynamic action 
to the identity of chemical structure or the invariable presence of 
one and the same substance is a perilous undertaking. 


Plan of Procedure. 


The main postulates of an endeavor to clear up the relation of 
histamine to peptone shock seemed to be: 

1. The preparation of a proteose-peptone under sterile condi- 
tions. Since certain microorganisms have the faculty of forming 
histamine from protein matter, no conclusions can be drawn 
regarding the origin of histamine found in a sample of peptone 
if this postulate is not fulfilled. We controlled the absence of 
bacteria during the time of the preparation of our peptone by 
daily preparations of aerobic and anaerobic cultures. 

2. The peptone must be physiologically active. That this 
was actually the case can be seen by consulting Figs. 1 and 2. 


Abel and Kubota,’ pp. 247-249. 
12 Underhill, F. P., and Hendrix, B. M., J. Biol. Chem., 1915, xxii, 465. 
Koessler, K. K., and Hanke, M. T., J. Biol. Chem., 1919, xxxix, 521. 
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Fig. 1. (A) Injection of pepsin. (B) Injection of 2 gm. of histamine- 
free peptone prepared from fibrin. 


Fig. 2. Contraction of the excised virgin guinea pig uterus produced by 
0.1 gm. of a histamine-free, fibrin peptone. The uterus was suspended in 


100 ec. of Locke-Ringer solutioz 
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EXPERIMENTAL. 


Preparation of Histamine-Free Peptone from Fibrin." 


Well washed blood fibrin—275 gm.—was treated with 11,000 
cc. of 0.2 per cent sodium hydroxide. The mixture was covered 
with a layer of toluene and allowed to stand at room temperature 
for 8 days. The opalescent mixture was filtered through several 
layers of toweling. The filtrate—10,000 ec.— was diluted with 
10,000 ec. of water. Acetic acid—0.5 per cent—was then added 
in small portions until a perfect flocculation had occurred. The 
precipitate was washed four times, by decantation, with dis- 
tilled water and was then largely freed from water by filtration 
on a Buchner funnel. The residue obtained—116 gm.—was 
mixed with 350 cc. of 0.4 per cent hydrochloric atid and 30 ce. 
of a 0.1 per cent pepsin solution in 0.4 per cent hydrochloric 
acid. The mixture was covered with toluene and incubated at 
37° for week. That the ‘liquid was free from living micro- 
organisms throughout this entire period was proved by repeated 
aerobic and anaerobic cultures. The resulting mixture was nearly 
neutralized with a 10 per cent Sodium carbonate solution, heated 
to boiling, and filtered through a large, wat<--soaked, folded 
filter paper. The filtrate was evaporated to dryness in vacuo 
over sulfuric acid, at room temperature. The dry, pale yellow 
powder weighed 14.5 gm. This will be referred to as the “fibrin 
peptone.” . 


Analysis of Fibrin Peptone for Histamine. 


5 gm. of the peptone were dissolved in 100 cc. of 20 per cent 
hydrochloric acid and hydrolyzed by bojling for 30 hours over an 
electrically heated sand bath. The acid, ammonia, and humin 
were removed as previously described."® The phosphotungstates 
were precipitated from a total volume of 400 ec. with 40 gm. of 


‘We are indebted to Dr. F. C. Koch, Department of Physiological 
Chemistry, University of Chicago, for the details of the method used in 
the preparation of the peptone. 

{ detailed description of the method used in the estimation of his- 


tamine in protein-containing matter has been reported (Hanke, M. T 
and Koessler, K. K., J. Biol. Chem., 1920, xliii, 543 
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phosphotungstic acid. The phosphotungstate precipitate was 
freed from phosphotungstic acid, etc. The residue finally ob- 
tained was subjected to a double amyl alcohol extraction. The 
volume of the test liquid was 50 ce. of which, tested by our meth- 





DAIS Ne eee *% 


hic. 3. The peptone was hydrolyzed, precipitated with phosphotungstis 
acid, and the phosphotungstate precipitate extracted twice with amy! 
aleohol from an alkaline solution. The liquid was free from histamine 
The 2 cc. injected represent the amyl alcohol extract from 2 gm. of 


peptone J 


ods, 0.50 ee. gave no perceptible color and 1.00 cc. gave a1 
faint green color. Th XS pro es that the above peptor é a é nf re ly 


free trom h rstam ne , 
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The remaining liquid was evaporated on the water bath. The 
dry residue was dissolved in 5 cc. of water. Of the resulting 
solution, /.00 cc. did not contract the excised virgin guinea pig 
uterus; which substantiates the conclusion previously arrived at 
that histamine was absent. Of the same solution, 2 cc. were 
injected into the femoral vein of a dog. Fig. 3 shows that this 
injection produced a slight drop in blood pressure which must, 
therefore, have been produced by some substance not identical 
with histamine. 

A Typical Peptone Shock from a Histamine-Free Peptone. 
2 gm. of the above peptone, that had been proved to contain no 
histamine, were dissolved in 6 cc. of isotonic salt solution 
and injected into the femoral vein of a dog that had been anesthe- 
tized and arranged so that blood pressure and respiratory trac- 
ings could be obtained. As can be seen by examining Fig. 1, 
this injection gave rise to a typical peptone shock. A mor- 
phological blood examination showed before the injection of the 
peptone, hemoglobin 88, leucocytes 20,600, erythrocytes 6,250,000 ; 
1 hour after the injection, hemoglobin 108, leucocytes 5,700, and 
erythrocytes 7,200,000. 

The Action of Peptone on the Unstriated Muscle of the Guinea 
Pig Uterus.—That Witte’s peptone has the property of contract- 
ing the isolated uterus of the virgin guinea pig in a manner that 
is indistinguishable from that of histamine has been shown by 
Dale and Laidlaw. Abel and Kubota, who worked with a chlo- 
roform extract from Witte’s peptone, ascribe this oxytocic reac- 
tion of peptone to histamine. That this action is also inherent 
in the structure of the peptone molecule and not dependent 
upon the presence of histamine, we showed by using our fibrin 
peptone, which had been proved to be free from histamine. 

5 ec. of a 2 per cent solution of fibrin peptone—0.1 gm. ol 
peptone—were introduced into 100 ec. of Locke-Ringer solution 
in which an excised guinea pig uterus was suspended. A typical 
contraction of the uterus was obtained which is illustrated by the 
curve of Fig. 2. 

To prove that the reactions were produced by the peptone 
obtained from fibrin and not by some constituent of the pepsin 
employed in the preparation of the peptone, 30 ec. of a 0.1 per 


cent pepsin solution in 0.4 per cent HCl were incubated for 
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1 week, neutralized with sodium carbonate, evaporated to dry- 
ness, dissolved in 2 cc. of water, and injected into the femoral 
vein of a dog. An examination of Fig. 1, Part A, shows that 
this injection did not produce a fall in blood pressure. 
Analysis of W itte’s Peptone for Histamine.—Witte’s peptone 

5 gm.—was hydrolyzed, freed from hydrochloric acid, ammonia, 
and humin, precipitated with phosphotungstic acid, and ex- 
tracted with amy! alcohol, the details being identical with thos 
just described for the fibrin peptone. The volume of test Liquid 
8 was 25 ec., of which 


0.50 cc. had an intensity value equivalent to 2.6 mm. (CR-MO 
—.. “s - “ “4.1 “ (CR-MO 


The color was orange-yellow and hence difficult to match 
against the standard indicator solution. The remaining liquid 
23.5 ec.—was subjected to a precipitation with silver nitrate and 
baryta.“ The volume of test Liquid 9 was 23.5 ec., of which 


0.50 ec. had a color value equivalent to 2.5 mm. (CR-MO 
1 00 “ “ “< “ ““ “ ae 5 0) “e (( R MO 


The color was somewhat more yellow than that produced by 
histamine; but the time of development was correct for this 
imidazole. This, by table, is equivalent to 0.0001675 gm. oi 
histamine dichloride for the entire test liquid. 

The remaining liquid—22 cc.—was evaporated on the wate 
bath. The residue was dissolved in 5 ec. of isotonic salt solu- 
tion. Of this solution, 1.00 cc. contracted the excised virgin guinea 
pig uterus. The curve obtained, Fig. 4, was exactly like that 
obtained with a solution of pure histamine dichloride. 

This sample of Witte’s peptone contained the equivalent o 
0.00335 gm. of histamine dichloride per 100 gm. of peptone 

Histamine that Has Been Added to Peptone Can Be Recover 
Quantitatively—This experiment was a duplicate of the one that 
has just been described excepting that 0.0050 gm. of histamine 
dichloride was added to the 5 gm. of Witte’s peptone before hy- 
drolysis. The final volume of test Liquid 8 was 100 cc., of which 


0.20 ec. had a color value equivalent to 7.7 mm. (CR—MO 
() 1) +. + “e se ““ 7 +. 15 | ia) CR MO 
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The color was exactly like that produced by histamine. his, 
by table, is equivalent to 0.005125 gm. of histamine dichloride 
for the entire test liquid. From this, the amount of histamine 
dichloride previously found to be present in this sample of Witte’s 
peptone—0.0001675 gm.—must be subtracted, which leaves 
0.00496 gm. as the amount of the introduced histamine dichloride 
that was recovered, which is 99.3 per cent. 





lia. 4. Contraction of excised virgin guinea pig uterus produced b) 
the silver precipitate from 1 gm. of Witte’s peptone. The presence ot 
histamine was also indicated by the colorimetric determination. 


CONCLUSIONS. 
1. A typical peptone shock is obtained by the injection of a 
histamine-free peptone; hence peptone shock and _ histamine 


shock are not identical. 
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2. A histamine-free peptone contracts the excised virgin guines 
pig uterus. 

3. Pure peptone contains a substance or substances, appar- 
ently basic in character, that are not destroyed by boiling with 
hydrochloric acid, that are precipitated by phosphotungstic acid, 
extracted by amyl alcohol from an alkaline aqueous solution, that 
combine with sulfuric acid to give salts that are soluble in wate: 
and that are capable of producing a fall in blood pressure. This 
fall in blood pressure is, however, far inferior to the similar fa 
in blood pressure obtained with the equivalent quantity of pep- 
tone. In the above respects the substances are similar to his- 
tamine. There are, however, two very marked differences 
between the above substances and histamine; they give no colo! 
with p-phenyldiazonium sulfonate and they do not contract th 
excised virgin guinea pig uterus. 

t+. A sample of Witte’s peptone— 100 gm.— was found to con- 
tain the equivalent of 0.00335 gm. of histamine dichloride. 


























































STUDIES ON PROTEINOGENOUS AMINES. 


XI. RESPONSE OF THE EXCISED UTERUS TO POTASSIUM, 
RUBIDIUM, AND CESIUM IONS. 


By MILTON T. HANKE anp KARL K. KOESSLER. 


(From the Otho S. A. Sprague Memorial Institute and the Depariment of 
Pathology, University of Chicago, Chicago.) 


(Received for publication, June 21, 1920.) 


While we were searching for histamine in feces, blood, liver, 
and hypophysis, we noticed that the silver filtrate fractions,’ 
although they could not have contained more than traces of 
histamine, frequently evoked a pronounced response from the 
excised virgin guinea pig uterus. Since this fraction always 
contains a small quantity of the nitrate ion, which is originally 
introduced as silver nitrate, we thought, at first, that this ion 
might be responsible for the physiological activity. To test the 
accuracy of this surmise, 1 cc. each of chemically pure 10 per 
cent solutions of sodium and potassium nitrate were separately 
introduced into the 100 cc. of Locke-Ringer solution in which 
the uterus was suspended. Fig. 1 illustrates the response ob- 
tained with the potassium nitrate solution. A response was not 
obtained with the sodium nitrate solution. From these results we 
concluded that the sodium and the nitrate ions did not stimulate 
the uterus muscle and that the response obtained with potassium 
nitrate was due to the potassium ion. This led naturally to an 
investigation of the effect of some of the other closely related 
metallic ions on the excised uterus. 

Solutions of chemically pure sodium chloride, sodium nitrate, 
lithium chloride, ammonium chloride, potassium chloride, potas- 
sium nitrate, rubidium chloride, cesium chloride, calcium 
chloride, and magnesium sulfate were employed in these tests. 
A response was obtained only with the potassium, rubidium, and 


1 Hanke, M. T., and Koessler, K. K., J. Biol. Chem., 1920, xliii, 547. 
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Fic. 1. Response of the excised virgin guinea pig uterus to potassium 
\itrate. The uterus was suspended in 100 ec. of a Locke-Ringer solution. 


ce i tt ial 





Kia. 2. Kesponse of the excised virgin guinea pig uterus to various 
mcentrations of potassium chloride. The uterus was suspended in 100 


Locke-Ringer solution. 
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concentrations of rubidium chloride. The uterus was suspended in 100 ce 
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Fic. 5. The response of the excised virgin guinea pig uterus to various 


a Locke-Ringer solution 


iG. 4. Response of the excised virgin guinea pig uterus to various 


centrations of cesium chloride. The uterus was suspended in 100 ce. 
i Locke-Ringer solution. The first curve, a typical histamine tracing 
ntroduced for the sake of comparison 
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cesium salts. Fig. 2 shows the response obtained when 0.20, 


0.30, 0.50, and 1.0 cc. of a 10 per cent solution of potassium 
chloride were introduced into the 100 ce. of Locke-Ringer solu- 
tion in which the uterus was suspended. Fig. 3 illustrates the 
response obtained when 0.05, 0.10, 0.40, 0.80, and 1.6 ec. of a 10 
per cent solution of rubidium chloride were introduced into the 
100 ec. of Locke-Ringer solution in which the uterus was sus- 
pended. The last two tracings in this figure illustrate the re- 
sponse evoked by equivalent quantities of potassium and rubidium 
salts. Fig. 4 shows the response obtained when 1.0, 1.5, and 2.2 
ec. of a 10 per cent solution of cesium chloride were introduced 
into the 100 ec. of Locke-Ringer solution. The first tracing in 
this figure was obtained by introducing 0.50 ec. of a 0.01 per 
cent solution of histamine dichloride into the 100 ec. of Locke- 
Ringer solution and it is inserted here merely for comparison. 

Since no response was obtained with equivalent quantities of 
sodium chloride, sodium nitrate, ammonium chloride, lithium 
chloride, calcium chloride, and magnesium sulfate it is safe to 
say that the Cl, NOs, SOQ4, NH,, Li, Ca, and Mg ions have no 
stimulating action upon the uterus muscle and that the potas- 
sium, rubidium, and cesium ions are responsible for the response 
obtained. 


CONCLUSIONS. 


Potassium and rubidium salts in sufficient concentration— 
about n/75 in each case—produce a tonic contraction of the virgin 
guinea pig uterus from which the muscle does not recover until 
the stimulating ions are removed. The minimum effective 
concentration of the potassium ion is N/150 and of the rubidium 
ion is N/1,210 from which it appears that the rubidium is approxi- 
mately eight times as active as potassium. The minimum effec- 
tive concentration of cesium appears to be about n/150; but the 
response obtained with this ion is neither so vigorous nor so 
permanent as that obtained with either potassium or rubidium. 
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[he extensive series of metabolism experiments on fruitarians 
nd nutarians in California reported by Jaffa (1901, 1903) indi- 
eated that nuts used as a substantial component of the diet are 
quite thoroughly digested and are of a higher nutritive value 
than is popularly attributed to them. The same conclusion was 
reached by Cajori (1918) through digestion trials of raw and 
heated nuts, nut butters, and nut pastes. In his experiments 
the coefficient of digestibility for nut proteins and carbohydrates 
fell well within the range of the protein coefficient for a mixed 
diet. There was no indication that nuts are especially resistant 
to the digestive functions of the alimentary canal; so that the 
conclusion seemed justified that nuts are valuable foods and, if 
eaten properly and used in the diet with due regard to their 
concentrated make-up, are on a physiological par with common 
staple articles of the diet. \ more detailed investigation of the 
nutritive properties of nuts has, however, hitherto been wanting. 


The \ itrative V alu of Viut P ore ns, 


It is clearly recognized that individual proteins may vary 
greatly in the proportions of the various amino-acids which may 


be obtained from them and that their dietary value depends 


rhe data in this paper are taken from the dissertation presented by 
e writer for the degree of Doctor of Philosophy, Yale University, 1920. 
\ part of the expense of the investigation was defrayed by a grant from 


the Russell H. Chittenden Resear 
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large part on the character of this amino-acid yield. An appre- 
ciation of the significance of these nutritive differences is largely 
due to the extended studies of Osborne and Mendel and others, 


who have demonstrated in the case of the albino rat that the 


naturally occurring proteins differ widely in their efficiency for 


maintenance or growth. 


\ 


With reference to the chemical make-u ()s 


na ¢ lapp 1907. 1907-08) have studied the pr ducts of acid hvdr 
umandin and excelsin, the principal proteins of the almond and Brazil nut 
respectively. Osborne and Harris (1903, a, c, d) compared the distributi 
) 


of basic amino-acid nitrogen in the globulins of the almond, Brazil nut 


black walnut, English walnut, butternut, and filbert, and have shown th 
the Hopkins-Cole test for tryptophane is strongly positive with all these 
proteins. From the investigations of these authors, the black walnut, 
iwnglish walnut, and butternut would seem to contain very similar, if n 

lentical, globulins as their principal proteins. The name juglansin ha 
been given to this globulin of the juglans species of nut. Osborne and 
Harris (1908, 6) found the only essential difference between corylin, the 
globulin from the filbert or hazel nut, and juglansin to bea higher content 
f amide nitrogen in corylin and a difference in the specific rotation of the 
two proteins. Using Van Slyke’s newer method for protein analysis 
lau (1915) has analyzed the pecan nut, peanut, black walnut, and hick 
ory; Johns and his collaborators (1917, 1919, a) applied the same method 


to a study of the globulins of the peanut and coconut. In all these studies, 


the relatively high content of basic amino-acids found and the presence ot 
ryptophane suggest that these nuts are likely to be sources of complete 
protein. Speaking of the. peanut, Johns says: ‘‘the relative high percent- 


ige of lysine in the proteins of the peanut indicates that this seed might 
be used to advantage in supplementing diets deficient in lysine. 

This conclusion, based on chemical analysis, that nut proteins are 
high biological value has been verified by the feeding experiments Ol 


Johns and coworkers (1919, b) with the coconut, and Daniels and Loughlin 
1918) with the peanut. These investigators observed normal growth in 
yung rats on diets in which the coconut and peanut furnished the sole 

source of protein. Osborne and Mendel (1912) have maintained rats over 

the protein of the dietary was derived from excelsin 


iong periods in which 
of the Brazil nut. 


Feeding Ex pe ments iH th Rats. 


The experience of numerous investigators in experiments 
involving growth and maintenance has demonstrated the many 
advantages in the use of the rat as an experimental animal in 


nutrition studies. 
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lowing the general technique of Osborne and Mendel, 


' 1 } +o . 
cently described by -Ferry L920), we have extended thi 
fine } revatio? ' ry104 + nals | 4] i. na i. | 
Une opservations on 1uTS oO Inelude 1) iimond ings! 
t, filbert, pecan, and pine nu Young rats were L 
omplete in respect to every known dietan scent 0 
pro ied the proteins were ay 1 charact tO IpDD 
Nu yrotemms mm l up approximate i 
} 4 1] 
lets | well recognized that | S Will gro ) iult sl 
' — j ‘os ai , C4 ; 
koOrmal rate on his ievel Of protein intake, 1 ne protel ~ 
nplete Irom a nutritive point ol v1lew: . Turnishes 


ntial amino-acids in suitable amounts. 
ere are not many nuts that contain over 6 per cent oO 
[Therefore in order to prepare a diet containing 18 per cent 
yrotein (e.g. 2.9 per cent N & 6.25) and still insure, in addition 


protell the present Ol idequ ite quantities ol t he recog- 


nized dietary essentials, fat-soluble and water-soluble vitamines 


inorganic salts, concentration of the protein of certain of 
nuts was necessary. To effect this, the shelled nuts were 
rssed through a meat grinder and then subjected to pressure in 
tincture press. This process removed considerable quantities 
oil from the nut, and nitrogen determinations of the residual 
~~ cake indicated that the protein content had been sufficiently 
ised to Incorporate in the diet at the desired 18 per cent 


harts 1 and 2 show the growth curves of albino rats on diets 


hich the essential 


source of protein was derived from nuts. 
the time these experiments were inaugurated the presence of 
‘r-soluble vitamine in the nuts used had not been demon- 
ted. Dried brewer's yeast was added to the diets, to the 
nt of 2 per cent, to make sure that they contained adequate 
itities of this dietary essential. The possibility of the sup- 
nentary action of the yeast in these diets must be recognized. 
rne and Mendel (1919, a) found yeast to be adequate for 
wth when fed as the sole source of protein. However, the 
int of protein derived from yeast fed in a concentration of 
cent and its supplementing action cannot be large. In 
sborne and Mendel’s successful experiments the dried yeast 
shed 30 and 40 per cent of the total food intake. Neuberg 


' estimates that 52 per cent of veast nitrogen is non-proten 
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nitrogen. If this estimation is correct, yeast proteins made up 
but 4 per cent of the total protein of our diets. 


lable I gives the weekly food consumption of the rats on 


nut diets. The average normal intakes of animals t) 

O! \ comparable casein diet are on record (Osborne and 
\lendel, 1915). The animals as a rule, ate less of the nut food 
than did Osborne and Mendel’s rats on the casein diet similar in 
composition to that from which their normal intake vas calcu- 
lated. The nut foods, consisting of a large quantity of a fat-rich 
ress CAaKC probably were oO a highet calorifie \ ulus Than the 
casein diet. Chis fact would explain these differences, as the 


quantity of food eaten by rats which limit their intake to then 
energy requirem: nt is large] determined by the ealorif value 
of the food. 

Examination of the growth curves shows that growth resulted 
at a normal rate on all diets except the one in which the pecan 
supplied the protein. The animals on this diet grew at a rate 
about two-thirds normal during the 9 weeks that thev were on 
this diet. When casein was introduced into the pecan diet in 
such a wavy that one-third of the pecan protein was replaced by 
casein, a marked rise in the rate of growth was noted. This 
increased growth may have been due either to a supplementing 
action of the casein or to an increased food intake resulting from 
some favorable modification in the taste or character of the pecan 
diet on addition of casein. 

\lore experiments are necessary before final conelusions can 
be drawn regarding the comparative efficiency of the proteins 
ol the pecan. 

(;rowth of the second generation of young rats on the nut diets 
is shown in Chart 3. 

With the limited number of observations that we have recorded 
it is not possible to make numerical comparisons of different nut 
proteins, nor were our experiments planned to demonstrate the 
maximum growth-promoting power of nut proteins. But, 
accepting the opinion of Osborne and Mendel 1920, a 
a that if an animal is able to attain adult size upon a 
diet which furnishes protein from a single source, the nutritive 
value ol this protein is clearly established,”’ we conclude from our 
experiments that the almond, English walnut, filbert, and pine 


nut are sources of protein adequate tor nutrition. 
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Soluble Vitamine. 


1] ate 


( re O 
Ny ' ; P ’ a 
Numerous feeding experiments, carried out during the last 
ears, have demonst1 d tl itamines are widely distribute 
, yr nlar ) liet | a} },] ‘ 1 ¢ : . 
uNnong plant products. ihe cereals vec mies, and rorage cro} 
have been investigated In some detail s 10 the content oO ! 
oe — oo ane : 
water-soluble and iT-SOLUDIC unine Nuts . las 
ever, have received little attention with respec t¢ ye 
in them ol thes nportal qaietary ssentials 
Hallibur d Dr 19] | SI ri £ 
it ed ft rb normal growth i s he ft t¢ their 
s replaced by 1 pean In butter Hence th 
S ble vitamine ild seem t il Danie ind Loug! 
TS snowed th I) = { if [ I I i 
derable rn int ( R ble resen 
Johns, Finks id P 1919 ! s TV gr ung 
n diets in which « supplement« vb er and inorga 
salts onlv and therefor epresented the sole sources water-soluble 
miné Mackenzie-W 1918) } reported tl flou le m gro 
peanutS was antis 8) Ail uy LOIS 1 gl hie b 
with some success re gent 1! é ! 
: re ; 
Fee J [0 pe ment R 
We have studied many of the more common nuts, that 
received attention, as possible sources of wat 





not previously 
soluble vitamine and have planned our experiments with a 


to being able to obtain an approximate quantitative idea of 
comparative distribution of this essential food factor a g 
members of this class of plant products. 

Two methods are available ior such rials, \n animal 


-soluble 1acts 


be placed on a diet deficient in respect to the wate 


On such a diet, the animal, if it is still small, will cease to gro. 


and in any event will, in a short time, begin to decline rapid] 


change 


") 
a 


a condition that terminates in de ath unless 


made in the diet. f 
of water-soluble Vilamine 1s added To the diet before the anima 


weight 
a product containing sufficient quantities 


is permanently injured by undernourishment, a rapid recovery 
weight and nutritive well-being take place. The second method 
depends on the fact that normal growth can be observed in young 


1 is available in sufhiment 


‘ 


rats only when the product to be teste 
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quantities to supplement an otherwise complete diet wit! 
abundance of water-soluble vitamine. 

In the experiments reported below, both methods wer 
ployed. Che basal diet used, consisting of casell putt 
inorganic salts, starch, and lard, was deficient in water-soluble 
vitamine as evidenced by the rapid decline of animals when 
placed Ol this tood mixture exclusively. Control experiments 
indicated that the casein diet was complete with respect 
other food essentials, as normal growth was obse1 
small amounts of brewer’s yeast, known to be ric] 
oluble vitamine, were added to this diet 
In the majority of our trials weighed quantities of the nut to 
tested were fed daily apart from and in addition to the bas 
diet. This method, introduced by Osborne and Mendel (1919 

insures a constant intake of the product under investigatior 
and enables a com parison to be made Ol the poten ‘yy ol t he foods 
consumed in like amounts. By varving the dailv dosage, furthe 
evidence in respect to the comparative quantities of the water- 


soluble vitamine present can be obtained 


The nuts were shelled and care was taken to remove all 9 
ments of the shell and the coarse parts ol the integu 
the case of the ilmond the nut Was blan hed he nestnuts 
used in the later trials (Charts 6 and 8) were fed after complete! 
Treeing them from the adhering integument Wi ound that 
rats, at least after the first few days, readily ate the nuts and 


rule : consumed the entire nut allowance Aas SOON AS It Was | wed 


in the cage. The only failure to eat that we experienced Was 
the case of the Brazil nut. It was found necessary to Incorporate 


this nut in the basal diet before the animals would consun 
the desired amounts. 
rhe outcome of the restorative trials is shown i} (‘h its }. 


nd 6 and Table II. <A daily dosage of 2 gm. of hickory nut 


pine nut, and pecan, respectively, or the inclusion of 27 per cent 
of almond, or filbert, and 19 per cent of English walnut in the 
food sufficed to enable animals that had declined on the basal 
diet to recover rapidly their nutritional well-being and resume 
growth. 1 gm. of English walnut, black walnut, hickory nut 
or pine nut proved to be an equally efficient restorative agent 


Partial recovery and slow growth resulted from daily consump- 
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English walnut or pine nut showed as rapid 1 
trial where the daily dose of othe nuts Ww is 2 om \ comparisol 
of the growth curves indicates that the almond was not so eff 
; 
cient as a source of water-soluble vitamins | ot this < 
less effective restorative agent than 0.5 g1 he pr ( 
chestnut. 

Osborne and Mendel (1920, 6) believe that animals 
suffered a decline due to a deficiency of water-solu ital 
may become SO badly nourished That failure to ettect prompt 
resumption of growth may sometimes he ascribed » tl cond 
tion attained by the animal rather than to a lack of the vitam) 

;' , 
in the tested product used as a supplement to the deficient diet 
he rats used in our experiments were subjected to quite similar 
degrees of undernutrition and it would seem that the variatio1 
In rapidity of recovery can be interpreted, 1n our experiments, as 
, ; ee 
being due to differences in the quantity of iter-soluble vitamu 
sae ] + . ] } . . 4+] 
present in different nuts rather than to a radical difference in the 
bowed 1; . Se ae ee ee ee 
nutritive condition of the animals he time that the nut feed- 
ri } a bh 1] { | 1 . 
ng was inaugurated. The weekly food intakes are shown in 


lable II. 


The growth curves of animals on diets in which nuts, supplied 


il 







in different daily doses, furnished the sole source of 


| ot water-solul 
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} reekiv tood intakes are shown 1 Table ILI. he el - 
‘ : 1] f , 
eristi¢c deline in food consumption during the period 
here was insufficient water-soluble vita the food 
ompt recovery ol appetite and resumpt ing 
yi? . idded to the diet LI'¢ ) | 
\ P V/ P 
resent experiments with nut diets | l > 
oOrtunit tO Test some Oo} t he relations Ot thre Ce rv 1 
mulk production, inasmuch as a number of the fem 
ler observation were bred in the course of the feedir 
1 } : } 
li the mammary gland has at best a limited power! 
hesizing the essential amino-acid precursors ! 
mplexes (MicCollum and Simmonds, 1918), the import 
rl ishing t proper source ol imMino-acid groups 
luring lact n is evident 
luring lactation is evident. 
stud g tl ! ! H I 
1916, 1917, 1918S), among others have found wide differences | ff 
irious protein mixtures as produce! fn N he 
he biological qualit 1e proteins i ( 
I he man rv secre Li H f 917 
iuded fT ! t ies et rses tha i rule 
ficient tl re r the elabor , H 
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irnished p1 il sources. In ot} is ts ser 
l ish the 1 ru S mp res necessal f I 
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ffectively as any other type protein 


Judging the character of milk production by the abilit 
the mother to nurse her young successfully, we have obser 
satisfactory mammary function in rats, on diets containing the 
almond, English walnut, pine nut, and filbert as the essenti 
source of protein in the ration. Some loss of weight of the moth 
rat occurred during the nursing period in the experiments with 
the almond, English walnut, and filbert, but tissue disintegration 
during the temporary decline could scarcely have furnished 
enough indispensable nutrient units to account for the newl) 
synthesized milk protein sufficient in quantity to have produced 


the increments in weight observed in all the voung. 
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Filbert Diet 


Rats 16, 17 


Filbert press cake, 3.6 per cent N 


Sait mixture 


GROWTH OF RATS IN SECOND GENERATION 
WITH NUTS AS SOURCE OF DIETARY PROTEIN. 
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Cuart 4. Recovery of growth of animals which had declined on a diet 
devoid of water-soluble vitamine, on the addition of the almond, filbert, 
hickory nut, pine nut, pecan, and English walnut as supplements to the 
basal diet 

The animals receiving the hickory nut, pine nut, and pecan were given 
2 gm. of the nut daily. 

The almond, filbert, and English walnut, respectively, were incorpor- 
ated in the diet, one part of nut diet and two parts of basal being thor- 
oughly mixed together. In such a mixture the almond and filbert nut 
furnished 27 per cent of the diet and the English walnut 19 per cent 

The broken line on the curves denotes the perl 1d when t! nimais were 
on the basal diet. 


The composition of the diets was as follows: 


Basal Diet. 


per 
Caseir 18 
Salt mixtur ‘ 
Stor 10 5 
Butter 9 
| iT | IS 

{l/mond Nut Diet 

Rat 2 per cent 
Almond press cake 58 
Salt mixture 3 
Starch 14 
Butter fat 3 
] ird 2) 

Filbert Diet. 

Rat per nt 
Filbert press cake SU 
Salt mixture 3 
Starch 5 


English Walnut Diet. 


} per nt 
English walnut press cake Saas : a 
Salt mixture Rae eee Loe oe ae 
kee ee a ae et tial re el 6 
Sutter fat te ea a outs Re ta ia gee oat sbi ais eh Nerae lao ansaid 5 


I Ta ar a a a cc ere ool etn ees ete 4 
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CHART 5. 
GROWTH EXPERIMENTS ON RATS. 
RECOVERY OF GROWTH WITH NUTS 
AS SOURCE OF WATER-SOLUBLE VITAMINE, 
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CuHart 5. Recovery of growth of animal 


s which had declined on a diet 
evoid of water-soluble vitamine, on the addition of almond, hickory 
ut, black walnut, pine nut, and English walnut as supplements to the 
isal diet. 

The animals were given 1 gm. of nut daily. 


The broken line of the curves den that the animals were 


f 


yn the basal diet. 


The composition f the basal diet was the same as described in Chart 4 
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devoid of water-soluble vitamine, on the addition of the English walnut 
chestnut, and pecan as supplements to the basal diet 
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lumals were given 0.5 gm. of nut 
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The small vertical lines on the growth curves of Rats 25 and 26 indicate 


days when the animals failed to eat any of the nut given in addition to the 
basal ration. The prompt resumption of growth indicates the point 
where the diet was changed to a ration consisting of one part Brazil nut 


diet and two parts basal diet. 


The composition of diets was as follows: 


Basal Diet. 


Casein LS 

Salt mixture ‘ :.5 

Starch ; 50.5 

Butter fat ae ’ 9 

Lard abel . IS 
Brazil Nut Diet. 

Rat <a ner nt 
Brazil nut press cake 7 SO 
Salt mixture , ahaa es 
Starch 7 
Se eee Re a ee ee rere 5 


Lard Tere CTT LCL CTT Ce oe 5 
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